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SECTION  I 


INTRODUCTION  AND  BACKGROUND 

This  report  presents  the  results  of  a Joint  Investigation  conducted 
by  the  Vulnerability  Assessment  Branch  (CLYV)  of  the  Air  Force  Armament 
Laboratory  and  the  University  of  Florida.  The  University  gave  analytical 
support  to  an  experimental  program  conducted  by  DLYV/AFATL  at  Cglin  Air 
Force  Base. 

The  support  included  reviewing  the  proposed  soil  penetration  experi- 
ments, recommending  changes,  participating  in  some  of  the  experiments  at 
Eglin,  malting  independent  laboratory  invost igat ions  at  the  University  of 
several  types  of  sensors  and  of  ultrasonic  wave  speeds  in  sand,  extensive 
data  analysis  of  the  Eglin  Experiments,  study  of  existing  terradynamic 
penetratlor  models,  mcJi f icat ion  of  the  models  and  application  of  them  to 
tile  interpretation  of  the  Eglin  experiments. 

The  study  of  the  mechanics  of  high  speed  earth  penetrators,  including 
predictions  of  trajectory,  depth  of  penetration,  cavity  formation,  stability, 
and  target.  Interaction  has  in  recent  years  been  given  the  name  of  terra- 
dynemlcs.  While  this  area  of  study  has  been  Investigated  since  the  early 
18th  century,  technological  barriers  have  hindered  experimental  programs  in 
assessing  models  advanced  for  ch.iracferitlng  penetrator  perfcrmance.  The 
principal  difficulty  encountered  has  baen  the  unaval labi 1 ity  of  experimental 
tools  for  examining  the  sequential  notion  of  a vehicle  pausing  through 
opaque  loose  and/or  semlcohesive  media. 

A recent  review  of  the  State  of  the  Art  of  Earth  Penetration  Te'-hnology 
by  Triandaf i 1 Idl s (Reference  1)  has  categorized  predictive  penetration  tech- 
niques as  semi-analytical,  analytical,  theoretical,  and  empirical  models.  The 
first  technique,  which  includes  the  cl.asslcal  penetration  models  based  upon 
Newtonian  mechanics,  si.ch  as  Poncelet  (Reference  2),  requires  experimental 
data  for  evaluation  of  the  important  penetration  constants.  So-called  analy- 
tical techniques,  which  include  the  Cavity  Expansion  (References  3 through  7) 
and  Differential  Force  Law  Models  (Reference  8),  rely  upon  knowledge  of 
constitutive  target  interial  pr-pertles.  The  theoretical  models  proposed 
(References  9 vhrough  11)  are  based  upon  continuum  mechanics  formulations 
describing  the  penetrator  and  target,  and  rely  upon  finite  difference  and 
finite  element  computer  codes  as  solution  techniques.  Finally,  empirical 
techniques  based  upon  extennlve  laboratory  and  field  testing  have  been 
introduced  with  the  most  'Extensive  work  in  this  area  developed  at  Sandla 
Laboratories  (References  12.13).  Additional  background  on  the  experimental 
program  is  presented  in  Section  II. 

The  purpose  of  the  exper Imenral  program  at  Eglin  was  to  ootain  more 
complete  transient  records  of  the  penetration  events  than  previous  investi- 
gators had  obta.ined  in  order  to  provide  insight  Into  the  actual  physical 
mechanisms  Involved,  which  could  lead  to  batter  terradynamic  pen  t.ation 
models  for  oredlctlng  trajectories,  penetration  depths,  and  the  t rces  acting 
on  the  p.ojectile.  In  the  test  progr.im,  live  ccnsecutively  space  X-ray 
units  have  been  used  to  visually  record  the  transient  position  o'  several 
penetrators.  Nonspinning  projectiles  of  stable  configuration  with  various 
nose  sliapes  have  been  tested  in  dry  and  saturated  sand  at  three  Impact 
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velocities  with  near  xero  impact  obliquity.  This  is  believed  to  be  the 
most  extensive  use  ever  made  of  flash  radiography  In  terradynamic  research. 
In  addition  to  the  X-ray  units,  velocity  coil  se..i>  rs  liave  been  used  as 
monitoring  devices  in  conjunction  with  a magnet- ’ tape  recording  system. 

The  experimental  setup  at  Eglln  and  some  ol  the  e:.perlments  at  the 
University  on  sensors  are  described  in  Section  II  after  a short  background 
account  of  previous  experimental  studies.  Data  from  the  Eglln  tests  are 
described  In  Section  III,  with  details  tabulated  '.n  Appendix  A.  Analysis 
of  the  data  by  classical  seml-analytical  penetration  models  and  empirical 
methods  Is  presented  In  Section  IV.  The  analytical  technique  based  on  the 
spherical  cavity  expansion  technique  Is  discussed  In  Section  V and  applied 
to  the  Egll.i  experiments.  In  Section  V'l  a three-dimensional  terradynamic 
model  is  developed  and  applied.  Sound  speed  measurements  are  reported  In 
Section  Vll  and  a summary  of  the  conclusions  Is  given  In  Section  VIII. 
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SECTION  II 


EXPERIMENTAL  EQUIPMENT  AND  PROCEDURES 


2.1  INTRODUCTION 

Penetration  experiments  were  performed  by  firing  projectiles 
horizontally  into  sand  targets  contained  in  specially  designed  test 
chairbers.  After  some  preliminary  tests  with  O.SO  caliber  and  20nun 
standard  rounds,  the  major  part  of  the  investigation  used  modelled 
20mm  projectiles  fabricated  both  at  the  AFATL  and  at  the  University 
of  Florida.  These  projectiles  were  'ylindera  0.02  meter  in  diameter 
by  0.22  to  0.24  meter  in  length.  Three  specific  nose  shapes  were  in- 
veatlgaced:  biconic,  flat  ended,  and  step-tier.  Some  of  the  bicociic 

and  step-tier  projectiles  had  a hollow  afterbody , but  the  majority  of 
the  results  were  obtained  using  solid  projectiles. 

Various  sensing  methods  were  Investigated  to  determine  as  much  as 
possible  about  the  projectile's  position  and  orientation,  the  shape  of 
the  cavity  formed  around  the  projectile,  deformation  patterns  and  for:e 
distributions  in  the  sand,  and  shock  waves  ahead  of  the  projectile. 

The  most  successful  sensing  method  was  flash  radiography.  In  the 
mary  test  program  five  X-ray  heads  were  fired  sequentially  wltli  delay 
times  set  to  record  projectile  position  as  it  moved  through  a 1.2-ueter- 
long  test  chamber.  The  primary  test  program  was  planned  to  include  firings 
of  two  projectile  types  (flat  and  step-tier  projectiles)  at  three  diff- 
erent velocities  (approximately  210,320  and  400  ra/sec)  in  dry  sand  and  in 
saturated  sand,  with  four  replications  of  each  type  of  shot,  and  five  X- 
ray  pictures  taken  in  each  shot.  This  program  was  completed  successfully. 
Results  of  these  tests  are  presented  in  Section  III,  along  with  a few 
examples  of  other  projectile  types. 

Besides  giving  a more  certain  Indication  of  projectile  trajectory 
and  attitude  than  any  other  sensing  method,  the  X-rays  give  a good  indi- 
cation of  the  position  on  the  projectiles  where  the  sand  separates  to  form 
a cavity,  and  can  show  also  the  reattachment  point  on  the  afterbody  as  the 
projectile  slows  down.  In  the  primary  test  program  the  X-rays  showed  chat 
reattachmenC  seldom  occurred  in  the  1.2  meters  of  the  trajectory  observed. 

The  X-rays  also  revealed  a detached  bow  wave  in  some  cases  (notably 
Che  higher-speed  impacts  in  dry  sand).  The  bow  wave  is  a density  discon- 
tinuity moving  with  Che  projectile,  resembling  the  detached  shock  wave 
ahead  of  a supersonic  aircraft.  The  X-ray  method  was  emphasized  because  it 
was  Che  only  method  known  that  could  give  transient  information  about 
separation  and  about  the  shock  wave  shape  and  density  gradients.  Other 
types  of  sensors  envisioned  for  use  in  the  test  program  were  investigated 
to  complement  the  X-ray  technique  or  Co  be  used  in  case  the  X-ray  equip- 
ment was  not  available. 

Some  of  Che  sensing  methods  investigated  at  the  University  were 
microwaves,  breaking  wires,  and  magnetic  sensors.  The  microwave  technique 
was  considered  as  an  alternative  to  the  X-rays  for  continuous  position 
monitoring,  but  it  was  not  used  in  the  experiments  at  Eglin,  since  the  X-ray 
enuipmenC  was  available.  Various  breaking-wire  sensors  and  velocity  screens 
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were  used  at  Eglln,  and  the  magnetic  sensing  method  was  used  extensively 
both  in  the  primary  :est  program  and  in  the  preliminary  testing  before 
the  X-ray  system  was  fully  developed.  A pressure  transducer  In  the  floor 
of  the  teat  chamber  and  strain  gages  on  the  walls  were  also  used  in  at- 
tempting to  build  a complnrs  data  base. 

The  general  set-up  for  the  primary  test  program  at  Eglin  and  the 
flash  X-ray  method  are  described  in  paragraph  ?..j  after  a brief  review 
in  paragraph  2.2  of  some  previous  terradynamic  experiments.  Dther  sensors 
used  in  or  examined  for  the  test  pvottraci  are  discussed  in  paragraph  2.\. 

2.2  BACKGROUND 

Until  fairly  recently  the  only  experimental  data  available  on 
ballistic  penetration  of  soils  consisted  of  tabulations  of  striking 
velocity  Vo  versus  final  penetration  distance  S.  Compirisons  of  the 
plots  of  S versus  Vq  with  Integration  of  assumed  force  laws,  e.g.,  of 
the  form  „ 

-dV/dt  - cV  4 6V  4-  Y 

could  in  principle  determine  the  coefficients  for  such  laws.  The  scatter 
in  the  data  because  of  variations  of  in  situ  aoil  properties  or  because 
of  tumbling  or  other  unstable  projectile  behavior  made  conclusions  from  S 
versus  Vq  data  difficult  to  draw. 

In  1957  Allen,  Mayfield,  and  Morrison  (Reference  14)  reported  what 
were  apparently  the  first  laboratory  investigations  to  record  projectile 
transient  motion.  They  used  a photographic-electronic  chronograph  to  re- 
cord the  successive  breaking  of  copper  grid  wires  located  0.1  meter  apart 
along  the  trajectory  and  v;ere  able  to  obtain  better  determination  of  force 
law  coefficients  than  could  be  obtained  from  final  penetration  depths  alone. 

This  brief  discussion  will  not  attempt  a complete  historical  account 
of  penetration  experiments,  but  will  mention  a few  of  the  more  recent  in- 
vestigations that  have  obtained  transient  data.  Some  additional  historical 
Information  is  given  in  References  1 and  14  through  16  and  in  a 1972  survey 
f the  state  of  the  art  by  McNeill  (Reference  17),  which  also  gives  a bibli- 
ography. A more  extensive  bibliography  has  been  prepared  by  Trlandaf llidis 
(Reference  1),  and  a 1974  annotated  bibliography  (Reference  18)  lists  Sandia 
Laboratories  Publications  related  to  Terradynamlcs . 

According  to  McNeill,  significant  strides  in  penetrator  system 
technology  began  at  Sandia  in  1961  with  penctrators  2.4  to  3 meters  in 
length  and  0.23  to  0.46  meter  in  diameter,  with  masses  on  the  order  of 
450  kilograms,  delivered  by  ground-launched  rockets  or  by  airplanes. 

Some  of  these  testn  used  on-board  accelerometers  and  telemetered  data. 

Since  that  time,  the  accelerometer-carrying  air-dropped  penetrometer  has 
been  developed  into  a practical  tool  Jor  rapid  survey  of  subsurface  soil 
properties.  Wood  (Reference  19)  has  discussed  instrumentation  and  tele- 
metry. Trailing  wires  have  also  been  used  for  air  gun  projectiles  at  speeds 
up  to  120  m/sec  (Reference  19),  Murff  and  Coyle  (Reference  20)  have  ob- 
tained deceleration-time  records  for  Impact  at  speeds  up  to  90  m/sec  into 
three  soil  types  (compacted  kaolin  clay,  dense  Ottawa  sand  and  a mixture  of 
kaolin  clay  and  sand).  Projectiles  varied  from  38  to  76  millimeters  in  dia- 
meter and  had  masses  ranging  from  1.4  to  52  kilograms. 
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A mlcrovave  monitoring  system  was  developed  at  the  University  of  New 
Mexico.  Its  use  was  reported  in  a Ph.D  dissertation  la  1963  by  Hakala  (Refer- 
ence IS).  The  technique  showed  considerable  promise,  although  questions  of 
how  long  a path  could  be  monitored  and  whether  Che  technique  could  be  used 
In  moist  soil  were  not  addressed. 

Successful  use  of  flash  radiography  in  soil  beginning  In  1974  was  re- 
ported by  Culp  _et  ^ (References  21,  22).  Their  later  work  in  clay  showed 
the  existence  of  a detached  shock  wave.  Color  enhancement  techniques  of 
the  X-rays  revealed  density  variations.  An  automatic  scanning  and  image 
storing  and  processing  technique  was  used.  One  significant  result  of 
the  scanning  technique  was  the  discovery  Chat  the  soil  cavity  around  the 
projectile  seemed  to  be  larger  than  It  had  appeared  In  visual  inspection 
of  Che  radiographs.  Flash  radiography  in  soil  had  beer,  used  earlier  (Ref- 
erence 23),  but  few  details  about  It  have  been  made  public. 

Although  transient  trajectory  measurements  were  not  made,  the  shape 
of  the  trajectory  was  revealed  by  post-test  excavation  in  a 1973  Master's 
Thesis  by  Blele  (Reference  24) , which  Investigated  the  stability  of  scaled 
model  projectiles  of  various  nose  types.  Initial  angles  of  Impact  were 
revealed  by  yaw  cards,  and  plots  of  lateral  deflection  versus  penetration 
distance  were  made  for  various  initial  angles.  Even  with  quite  small  Ini- 
tial angles  (1-2  degrees)  lateral  deflections  of  as  much  as  0.13  meter  were 
observed  In  a penetration  distance  of  1.06  meters. 

2.3  SETUP  OF  PENETRATION  EXPERIMENTS  .\T  EGLIN 

The  test  setup  used  In  collecting  the  data  base  for  analysis  was  devel- 
oped In  an  evolutionary  manner.  Several  sensing  devices,  projectile  shapes, 
and  velocity  regimes  were  studied  before  the  basic  elements  of  the  primary 
test  matrix  were  investigated.  Details  of  these  techniques  arc  given  else- 
where In  this  section  and  principal  attention  Is  focused  upon  the  test 
assemblage  as  used  In  the  March  and  April  1976  test  program.  The  primary 
test  matrix  Is  shown  below  with  the  complete  matrix  described  In  paragraph  3.2. 


TABLE  1.  EXPERIMENTAL  TEST  MATRIX  SHOT  NUMHERS 


Projectile 

Target 

Velocity  1 

Type 

210  m/sec 

320  m/sec 

400  m/sec 

Flat  Nose 

Dry  Sand 

15,16,17,  18,19 

20,22,23,24 

14,25,26,27,29 

Flat  Nose 

Wet  Sand 

70,71,72,73 

36,37,38,74,81 

76,82,83,84 

Step  Tier 

Dry  Sand 

52,53,34,55,57 

56,58,59,61 

62,63,64,6,5 

Step  Tier 

Wet  Sand 

42,43,44,45 

39,40,41,49 

50,51,68,69 
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The  flec-nose  projectilea  used  In  these  experiments  were  solid 
cylinders  0,0198  meter  in  diameter  by  0.225  meter  long.  For  the  step- 
cler  projectiles  the  afterbody  was  a cylinder  of  0.0198  mater  diameter 
amd  0.232  meter  length,  with  a cylindrical  nose  0,0095  meter  In  diameter 
and  0.0065  meter  long.  The  material  used  for  the  projectilea  was  a high 
carbon  content  steel  drill  rod,  supplied  In  rod  form  wl‘’h  nominal  dimen- 
sions of  0.02  meter  in  diameter  and  1 meter  long.  For  specimens  made  at 
the  University  an  AlSI-Wl  water  quenched  bar  stock  was  used,  while  for 
specimens  fabricated  at  the  AFATL,  AISI-01  oil  quenched  bar  stock  was  used. 
Three  of  the  projectiles  used  In  the  Eglln  penetration  experiments  are 
sho%m  in  Figure  1.  In  addition  to  the  two  projectiles  described  above, 
the  photograph  shows  a shorter  flat-nosed  projectile,  length  0.152  meter, 
used  for  some  later  tests. 

In  the  Eglln  experiments  the  projectiles  were  fired  horizontally  into 
a test  chamber  consisting  of  an  open-top  box  of  nominal  dimensions  0.15 
meter  wide  by  0.40  metor  high  and  1.2  meters  long.  The  side  walls  and 
floor  of  the  box  were  made  of  0.0023  meter  aluminum  sheet  framed  by  steel 
brackets  and  mounted  on  a flat  woodwn  table  platform  as  show  • in  Figure  2. 
The  ends  of  the  test  chamber  were  closed  by  fiber  board  chat  was  easily 
penetrated  by  Che  projectiles.  The  test  chamber  was  backed  up  by  a large 
open-topped  wooden  box  fitted  with  vertical  slots  to  accommodate  partitions. 
The  partitions  were  used  to  fill  the  box  with  varying  amounts  of  sand  in 
order  to  contain  Che  projectiles  for  re-use  In  the  various  velocity  regimes 
tested. 

The  boxes  were  filled  with  Eglln  sand  that  had  been  sieved  with  a U.S. 
Standard  Sieve  Series  No.  25  sieve  to  remove  large  debris,  but  not  sieved 
to  a controlled  size  range.  For  Che  dry  sand  tests  the  sand  was  poured 
slowly  into  the  teat  chamber  from  a bucket  assembly  attached  to  an  over- 
head crane.  The  wet  sand  tests  were  for  the  fully  saturated  condition. 

For  the  wet  sand  teats  Che  sand  was  first  mixed  with  water  In  a container 
and  Chen  shoveled  Into  the  test  chamber.  It  was  maintained  in  a fully 
saturated  condition  by  adjusting  a flow  of  water  into  the  open  top  to 
compensate  for  leakage  and  maintain  an  essentially  constant  water  level. 

Standard  trlaxlal  tests  were  performed  on  two  samples  of  Che  Eglln 
sand.  For  these  tests  Che  sand  was  first  carefully  dried  following  pro- 
cedures as  described  in  Reference  25.  Each  sample  was  tested  at  three 
different  constant  values  of  Che  lateral  confining  pressure  o.  (0.1962, 
0.392,  and  0.589  MPa)  with  axial  compressive  stress  o.  increasing  until 
failure  occurred  (significant  increase  of  axial  strain  at  constant  load) . 

The  two  samples  were  a loose  sand  and  one  compacted  by  vibration  before 
testing.  Table  2 llets  the  initial  density  p and  the  angle  of  friction  ^ 
determined  for  each  sample  by  analysis  of  the^trlaxlal  data  as  well  as  the 
value  stress  difference  at  failure  for  each  of  the  confining 

pressures. 

The  curve  of  versus  axial  strain  t for  the  loose  sand  at  the 

highest  confining  pressure  will  be  given  In  Section  V,  where  it  Is  used 
to  determine  the  devlatoric  properties  for  the  penetration  analysis  by  the 
spherical  cavity  expansion  theory  method.  Several  confined  uniaxial  strain 
tests  were  also  performed  or.  dry  Eglln  sand.  These  will  discussed  in 
Sections  V and  VII, 
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Figure 


TABLE  2.  TRIAXIAL  DATA  FOR  DRY  EGLIN  SAND 


°3 

'°r°3>f 

Loose  Sand 

0.1962  MPa 

0.538  MPa 

p ■ 1519  kg/ra^ 
0 

0.392 

0.983 

^ ■ 33.4° 

0.589 

1.447 

Compacted  Sand 

0.1962 

0.763 

p ■ 1698  kg/m^ 

0.392 

1.423 

^ - 39.7° 

0.589 

2.02 

The  projectiles  were  fired  into  Che  test  chamber  with  a 20nim  gun. 
Firing  velocity  was  controlled  by  varying  the  powder  load  In  a primed 
20mm  case.  Striking  velocity  was  measured  by  timing  the  Interval  be- 
tween Che  breaking  of  two  paper  back  velocity  screens  with  a Terminal  Bal- 
listics Data  Acquisition  System.  The  start  screen  was  1.22  meters  from 
Che  front  of  the  target,  and  the  stop  screen  was  0.61  meter  from  the  tar- 
get. The  timing  signals  were  also  recorded  on  a magnetic  tape  system  and 
later  transferred  Co  a pape.*  oscillograph  record.  Also  recorded  on  the  tape 
was  the  signal  from  a break  wire  on  the  gun  muzzle  3.54  meters  from  the 
target. 

To  monitor  Che  projectile  flight  path  through  Che  sand  in  the  1.2- 
meCer-iong  box,  five  Hewlett-Packard  flash  X-tay  units  were  used:  one 
150  KV  soft  X-ray  unit  and  four  300  KV  hard  X-ray  units.  They  were  spaced 
sequentially  along  Che  horizontal,  with  the  first  unit  (150  KV)  located  at 
0.038  meter  from  Che  front  of  Che  box  and  the  four  300  KV  units  spaced 
0.38  meter  between  centers.  Standoff  distance  for  the  300  KV  units  was 
nominally  0.55  meter.  The  front  ends  of  the  150  KV  unit  (small  cylinder) 
and  of  one  300  KV  unit  (large  cylinder)  are  visible  in  Figure  2. 


Several  types  of  X-ray  film  were  evaluated  In  the  course  of  the  test 
program,  with  the  majority  of  Che  data  recorded  on  Dupont  Lightning  Plus 
X-ray  film.  The  film  cassettes  (not  shown  In  Figure  2)  were  mounted  on  the 
outside  of  Che  box  opposite  from  the  X-ray  units.  The  film  plane  was 
positioned  at  0.08  meter  from  the  centerline.  In  the  main  test  program 
a series  of  metal  letters  (A  through  Q)  were  taped  along  Che  box,  separ^ 
aced  horizontally  by  approximate!''  0.07  meter  along  a line  0.20  meter 
from  the  top  of  the  box,  to  serve  as  markers  for  locating  the  projectile 
position  in  Che  X-ray  pictures.  Some  of  the  earlier  tests,  used  fewer 
markers  In  Che  form  of  metal  arrows.  In  some  of  Che  tests  displacement  of 
Che  soil  medium  was  observed  by  suspending  0. 0015-meter  steel  markers  that 
moved  with  Che  sand.  PreshoC  and  postshoc  X-ray  records  were  made  to  locate 
the  Initial  and  final  positions  of  the  markers. 
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Figure  3 is  a photograph  of  the  three  prints  made  from  the  X-ray 
negatives  for  Shot  No.  26.  The  two  panels  on  the  left  show  the  nose  of  the 
fiat-ended  projectile  in  four  successive  praltions  at  the  times  of  the  sequen- 
tial firing  of  the  X-rays.  The  fifth  one  in  the  third  panel  does  not  show  up 
well  in  the  reproduction  hut  could  be  seen  in  the  negative.  The  separation 
angles  and  the  cavity  around  the  afterbody  are  clearly  shown  in  three  of  the 
positions  Illustrated.  The  aft  end  of  the  projectile  is  not  usually  visible, 
since  it  is  out  of  the  main  X-ray  beam  when  the  firing  Is  correctly  timed 
to  show  the  nose. 

A magnetic  system  was  used  to  furnish  supplementary  velocity  informa- 
tion after  frelimlnary  laboratory  investigations  at  the  University  had  estab- 
lished the  feasibility  of  the  method.  The  steel  projectiles  were  magnetized 
to  a strength  of  about  150  gauss,  as  measured  at  the  center  of  the  nose  with 
a Hall-effect  gaussmeter.  When  this  magnetized  projectile  passed  through  a 
0. IS-meter-dlameter  coil  mour  ted  inside  the  test  chamber  a voltage  signal  was 
generated.  Four  such  coils  .ere  used  in  most  of  the  Eglln  tests,  one  on  the 
front  of  the  box  and  three  inside  at  distances  of  approximately  0.49,  0.80 
and  1.09  meters  from  Che  front  of  Che  box.  The  positions  are  recorded  in 
Appendix  A for  the  26  shots  for  which  the  magnetic  sensor  data  were  analyzed. 
The  projectile  can  be  seen  passing  through  two  of  them  in  the  X-ray  picture  of 
Figure  3.  Each  sensing  coil  as  formed  with  40  turns  of  copper  wire,  forming 
a rim  about  0.004  meter  chi'  . The  voltage  signals  were  recorded  without  any 
preampllficatlon  on  Che  magi  tic  tape  recording  system  and  later  transcribed 
Co  an  oscillograph  record.  le  records  indicated  voltage  peaks  of  Che  order 
of  40  Co  80  mv  in  tests  wict  initial  impact  velocities  around  20C  m/sec.  Some 
recovered  projectiles  showed  a residual  magnetic  strength  at  Che  ncse  of 
around  20  percent  of  Che  value  before  firing. 

Laboratory  tests  were  made  at  ihe  University  on  smaller  diameter  pro- 
jectiles fired  from  an  air  gun.  The  time  when  the  projectile  nose  arrived  at 
the  plane  of  Che  coil  was  precisely  determined  with  a light  beam.  Comparison 
with  Che  time  of  the  peak  voltage  output  showed  that  in  tests  with  a coil 
formed  by  two  parallel  wires  0.025  meter  apart  the  peak  voltage  occurred  pre- 
cisely as  Che  nose  passed  through  the  loop.  With  a 0. 165-meter-diameter  coil 
a discrepancy  was  noted,  indicating  Chat  Che  nose  of  the  0.215-meter-long  by 
0.0095-meter-diameter  projectile  has  advanced  approximately  0.021  to  0.027 
meter  beyond  the  coil  plane  when  the  maximum  voltage  was  observed  for  the  low- 
speed  shots  in  air  (20  to  35  m/sec).  Since  a comparable  direct  check  could  not 
conveniently  be  made  with  the  larger  diameter  projectiles  used  in  the  Eglln 
experiments,  an  indirect  check  was  made  by  statically  mapping  the  radial  com- 
ponent of  Che  magnetic  field. 

The  mapping  was  first  made  for  the  laboratory  projectiles  to  see  if  it 
agreed  with  the  laboratory  dynamic  meaau  ments.  At  a radial  distance  of  0.09 
meter  from  the  projectile  axis  the  peak  radial  magnetic  field  occurred  at  a 
distance  of  0.021  meter  back  of  the  plane  of  che  nose,  in  approximate  agree- 
ment with  the  discrepancies  noted  above.  Similar  mappings  of  one  flat-nosed 
and  one  step-tier  solid  projectile  of  the  type  used  in  the  Eglln  experiments 
showed  thi-t  the  maximum  radial  component  of  the  magnetic  field  occurred  at 
distances  of  0.020  meter  and  0.027  meter  respectively,  back  of  the  nose  tip 
plane  when  measured  at  a radial  distance  of  0.086  meter  from  the  projectile 
axis.  This  indicates  Chat  the  maximum  response  should  occur  when  the  pro- 
jectiles have  penetrated  some  0.02  meter  through  the  plane  of  the  sensor  coll. 
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Figure  3.  Photograph  of  Three  X-Ray  Prints  for  Shot  No.  26 


assuming  a circular  undefomed  cull  and  a straight  horizontal  flight  path 
through  Che  center  of  the  coil.  Possible  sources  of  additional  error  are 
Imprecise  measurement  of  Che  coil  locations  and  especially  of  Che  time  of 
Che  peak  response,  since  with  colls  this  large  the  response  curve  does  not 
show  a very  sharp  peak. 

2.4  OTHER  SENSORS  USED  OR  TESTED 

2.4.1  Breaking-Wire  Sensors 

Both  wire-grid  and  coated  paper  or  plastic  velocity  screens  are  widely 
used  to  time  the  airborne  part  of  a ballistic  test.  They  have  also  been  used 
burled  In  soil  targets  or  sandwiched  between  slabs  of  rock  or  concrete.  Be- 
cause it  was  believed  chat  the  standard  wire-grid  screens  might  disturb  the 
deformation  patterns  and  force  fields  In  the  target,  an  attempt  was  made  to 
develop  wire  sensors  Chat  would  Interfere  less,  by  using  finer  wires  In  paral- 
lel arrays,  less  closely  spaced  chan  the  screens.  A developotental  Investi- 
gation at  the  University  tested  single  wires  Impacted  by  projectiles  fired 
from  an  air  gun.  Of  particular  interest  was  a method  of  verifying  how  much 
lateral  motion  of  the  wires  occurred  before  they  broke  to  give  a signal.  The 
0.0093-meter-dlamecer  projectile  was  0.15  meter  long.  Two  pinholes  In  Che 
air  gun  barrel  near  Che  muzzle  transmitted  light  to  a photo-multiplier 
timing  system  for  measuring  projectile  velocity.  The  dual-beam  oscllloscopa 
was  triggered  when  the  aft  end  of  Che  projectile  passed  Che  first  pinhole 
(farther  from  Che  muzzle).  The  wire  sensor  was  placed  0.15  meter  from  the 
second  pinhole, so  that  the  projectile  nose  impacted  Che  first  wire  just  as  Che 
aft  end  passed  the  second  pinhole.  The  time  difference  between  Che  two  signals 
(from  Che  second  pinhole  and  from  Che  breaking  wire)  determined  Che  time  delay 
(or  advance)  of  the  breaklng-wlre  signal.  With  the  known  projectile  velocity, 
Che  position  error  that  would  be  caused  by  assuming  that  the  wire  brcke  Instan- 
taneously In  its  orglnal  position  could  be  determined. 

Several  kinds  of  wire  were  tested.  The  wires  were  stretched  between 
supports  O.IS  meter  apart.  The  first  tests  were  performed  In  air.  Ductile 
wires  of  copper  and  stainless  steel  stretched  so  much  chat  Che  projectile 
traveled  almost  0.05  meter  before  the  wire  broke  In  impacts  at  32  m/sec. 

Brittle  vires  gave  better  results.  A brittle  0.0001-mecer-diameter  tungsten 
wire  broke  after  about  0.0025  meter  of  travel. 

Tests  were  Chen  performed  with  Che  stretched  tungsten  vires  burled  In 
sand.  The  wires  broke  before  the  projectile  reached  them,  because  of  the  sand 
pushed  ahead  of  the  flat-ended  projectile.  At  39  m/sec  the  distance  was  about 
0.006  meter  and  at  65  m/sec  about  0.009  meter  from  the  projectile  to  the 
initial  position  of  the  wire  when  It  broke.  In  all  cases  the  breaking  wire  gave 
a good  sharp  step  on  the  oscilloscope  trace.  The  last  group  of  tests  used 
0.0002-meter-dlameter  steel  music  wire  (static  breaking  force  89  N as  compared 
to  17.8  N for  the  tungsten  wire).  In  these  last  tests  Che  wire  sometimes  did 
not  break,  but  was  deflected  Co  one  side  of  the  projectile.  A small  perturbation 
in  the  voltage  trace  was  noted  at  about  Che  time  the  projectile  reached  Che 
wire’s  Initial  position.  Such  a perturbation  may  be  usable  for  timing  purposes, 
although  It  lacks  the  sharp  step  that  occuts  when  the  wire  breaks. 
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Two  of  the  standard  wire  grid  velocity  screens  were  checked  in  the  test 
apparatus  at  the  !Jnlversity.  With  a 12.7  cm-dlaneter  projectile  impact- 
ing the  screen  in  air  at  a speed  25.4  m/sec,  the  screen  bent  to  allow 
about  0.0025  meter  of  travel  before  it  broke.  When  s similar  test  was 
performed  in  sand,  the  travel  appeared  to  be  about  0.0075  meter  before 
the  break. 

The  figures  quoted  for  distances  from  the  initial  wire  position  to 
the  projectile  position  when  the  break  occurred  apply,  of  course,  only  for 
t.‘.e  specific  projectiles,  wires  and  configurations  tested.  Sensors  will 
have  to  be  calibrated  In  conditions  similar  to  those  they  are  to  be  used  Ip. 

The  first  test  firings  at  Eglin  on  6 June  1975  were  planned  to  test 
breaking-wire  sensors  and  capacitor  sensors  prepared  at  Eglin.  Tungsten 
wires  and  steel  music  wires  of  the  types  previously  tested  at  the  University 
were  strung  between  supports  0.76  meter  apart,  and  in  addition  two  stand- 
ard wire  grid  velocity  screens  were  placed  In  the  sand  near  the  front  end 
of  Che  target.  Signals  were  to  be  recorded  both  by  counters  and  on  magnetic 
tape  recorders.  No  signals  were  obtained  from  any  of  the  breaklng-wlre 
sensors.  Post-test  checks  showed  that  the  velocity  screens  were  broken 
but  the  two  other  wire  sensors  were  not  broken  by  the  O.50  caliber  projectiles, 
Similar  wire  systems  could  be  used  in  sand,  especially  with  the  larger 
20mm  projectiles,  but  It  would  be  necessary  to  check  them  out  carefully 
with  each  projectile  and  test  configuration.  The  X-ray  method  could  be 
used  as  a check.  Little  further  use  of  breaklng-wlre  sensors  in  sand 
was  made  in  the  Eglin  experiments  because  the  magnetic  sensors  were  so 
much  better,  and  later  the  X-ray  method  gave  still  better  results. 

2.4*2  Sensors  Responding  to  Pressure  or  Deformation: 

Capacitors,  Pressure  Transducers,  and  Strain  Cages 

Although  the  n^.Jor  effort  in  th*'  experimental  program  was  directed 
toward  recording  trajectory  information  and  the  bow  wave  formation  and 
cavJ.ty  formation,  several  types  of  sensors  were  tried  that  could  give  some 
additional  information  about  arrival  times  and  intensities  of  the  stress 
and  deformation  waves  in  the  target  riedlum. 

A capacitive  transducer  was  developed  at  AFATL,  consisting  of  two 
thin  metal  foils  separated  by  a layer  of  foam  rubber  and  encased  In  a 
flexible  electrical  insulating  materiel.  When  the  sensor  was  compressed 
along  with  the  surrounding  sand  a voltage  change  occurred  across  the 
charged  capacitor.  This  furnished  timing  Information  about  the  arrival  of 
the  pressure  wave.  With  suitable  calibration  it  could  also  furnish  quantita- 
tive information  about  pressure  and  deformation.  It  also  served  as  a good 
antenna  for  detecting  and  recording  the  actual  firing  times  of  the  flash 
X-rays. 


A pressure  cell  in  the  bottom  of  the  test  chamber  0.127  meter  from 
the  front  of  the  box  also  gave  Information  about  the  arrival  time  and  Intensity 
of  the  pressure  waves  and  furnished  a good  signal. 

One  to  five  strain  gageu  were  also  mounted  on  the  aluminum  plates 
at  the  sides  of  the  box.  Good  strong  signals  were  obtained  from  the  gages. 

The  Interpretation  of  these  signals  depends  on  the  Interaction  between 
the  pressure  wave  in  the  sand  and  a flexural  wave  in  the  plate. 
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2.4.3  Microwaves 


A microwave  monitoring  system  was  reported  on  in  1963  by  Hakala  (Refer- 
ence 15).  Its  operation  gives  output  depending  on  the  Interference  between  a 
transmitted  r.ignal  and  a signal  reflected  from  the  moving  projectile.  The 
transmitter  and  receiver  were  at  the  opposite  end  of  the  sand  target  from  Che 
Impact  point.  The  interference  frequency  is  a function  of  the  projectile  velo- 
city. Since  few  details  about  power  requirements  for  penetrating  various 
distances  In  dry  and  moist  sand  were  available,  an  experimental  program  to 
determine  some  of  this  informatlo'.  was  undertaken  at  the  University  early  in 
1975. 


A micrcwave  oscillator  of  maximum  power  1 mw  fed  a variable  gain  amplifier 
St  a frequency  of  about  10  G'Az  through  a coupler  in  a microwave  horn  into  the 
sand  contained  in  a 1 . 2-meter-long  box.  For  these  static  experiments  the 
signal  generator  carrier  frequency  was  modulated  by  a 1 kHz  square  wave.  The 
signal  was  reflected  from  the  targetr  which  was  the  end  of  a metal  rod  inserted 
Into  Che  opposite  end  of  the  box  from  the  horn.  Portions  of  the  mixed  incident 
and  reflected  signals  were  detected  by  a crystal  detector.  The  detector  output 
(DC  with  ampll  Cude  varying  at  Che  modulation  frequency)  was  fed  Co  a Standing- 
Wave  Ratio  Meter  (which  contained  an  internal  amplifier  with  a narrow  pass  band 
around  1 kHz) . 

When  the  rod  was  moved  axially  by  one  quarter  wave  length  the  round  crip 
path  from  coupler  to  rod  was  shortened  by  one  half  wave  length.  The  reflected 
and  Incident  waves  Interfered  and  a half  wave  length  reduction  in  path  was 
required  for  the  detected  mixed  signal  to  go  from  a maximum  to  a minimum. 

Preliminary  tests  showed  a strong  signal  response  at  a distance  of  0.30 
meter  with  3 mw  power  output  from  the  microwave  amplifier.  At  0.60  meter  Che 
difference  between  the  maximum  and  minimum  response  was  down  about  5 dB  from 
Che  difference  at  0.30  meter  indicating  a power  transmission  drop  by  about  a 
factor  of  one-chlrd,  but  the  aignal  was  still  clearly  distinguishable.  In  fact 
It  was  still  clear  at  1.0  meter.  Precise  attenuation  factors  could  not  be 
obtained  with  the  preliminary  test  sei-up,  because  of  reflections  from  the  sides 
of  the  box  containing  Che  sand. 

Additional  microwave  studies  attempted  to  repeat  with  naturally  moist 
Eglln  sand  (approximately  5 percent  by  weight  moisture  content)  the  kind  of 
measurements  previously  made  In  dry  sand.  With  the  target  at  a distance  of 
only  0.15  oetvr  however,  the  attenuation  was  so  great  that  the  alternate  con- 
structive and  destructive  Interference  by  Che  reflected  signal  as  the  target 
advanced  a quarter  wave  length  was  barely  perceptible. 

Some  additional  measurements  with  a tuned  microwave  horn  pickup  replacing 
Che  target  were  made  verifying  that  detectable  microwave  signals  were  trans- 
mitted through  0.30  meter  of  the  moire  sand  even  with  the  low  power  signal 
source. 

It  may  be  possible  to  increase  the  transmitted  power  and  to  obtain  a coupler 
Chat  will  pick  up  a smaller  fraction  of  the  transmlttei  signal  to  mix  with  the 
reflected  signal  from  the  target  In  order  to  enhance  the  Interference. 
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For  projectile  velocity  monitoring,  the  oerrlcr  wavo  would  rot  be 
modulated  by  the  1 khz  square  wave.  A projectile  advancing  at  constant 
speed  at  300  m/aec  will  produce  an  Interference  frequency  of  approximately 
?0  kHz  without  any  modulation  of  the  original  signal.  This  frequency  will 
decrease  as  the  projectile  slows.  The  amplified  signal  could  be  recorded 
both  on  an  oscllloscnpe  and  on  one  or  two  channels  of  a Bloaatlon  transient 
recorder.  It  would  be  recorded  as  a quasl-slnusoldal  <gnal  of  decreasing 
frequency.  The  time  betv/een  a maximum  and  a minimum  r'  this  signal  Is  the 
time  for  the  projectile  to  advance  one  quarter  wave  length  (of  the  order  of 
0.007S  meter  although  precise  values  would  have  to  be  establllshed  by 
calibration).  At  a projectile  velocity  of  300  m/scc  the  time  between  max- 
imum and  minimum  is  about  23  x 10~^  sec,  increasing  as  the  projectile  slows 

The  microwave  system  was  not  actually  used  In  the  Eglin  experiments 
since  the  X-ray  equipment  was  available,  but  It  Is  s possible  option  for 
future  use  If  the  power  requirements  can  be  met. 

In  Section  III  the  data  collected  in  the  Eglln  experiments  will  be 
described. 
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SECTION  III 


RESULTS  OF  EGLIN  PENETRATION  EXPERIMENTS 


3.1  INTRODUCTION 

During  ttie  period  from  22  January  to  24  May  1976  the  Eglln  penetration 
experlaente  Included  a total  of  91  shota  In  17  missions.  X-ray  data  from 
two  or  more  stations  were  obtained  in  74  shots  (No's  14  to  91  except  for 
Shots  21,  28,  60,  and  75).  Appendix  A lists  data  obtained  in  Shota  14  through 
91,  except  for  the  four  shota  for  which  X-ray  data  were  not  obtained.  One 
page  la  used  for  each  shot,  and  they  are  listed  In  order.  A description 
of  the  varloua  kinds  of  data  In  Appendix  A,  both  the  experimentally  measured 
data  and  several  kinds  of  Information  calculated  In  the  data  analysis,  is 
given  In  paragraph  3.3  after  an  overview  of  the  primary  and  secondary  test 
programs  in  paragraph  3.2. 

3.2  TEST  PROGRAM  MATRICES 
3.2.1  Primary  Test  Program  Matrix 

The  primary  test  program  at  Eglln  was  planned  to  test  two  projectile 
configurations  at  three  Impact  speeds  and  two  target  moisture  conditions 
(dry  Eglln  sand  and  saturated  Eglln  sand) . With  four  replications  of  each 
cest  the  plan  called  for  48  shots.  Four  extra  replications  brought  the 
total  to  52  shots  as  summarized  In  Table  3.  The  two  projectile  configura- 
tions were  both  solid  cylinders  of  nominal  diameter  0.0198  meter,  one 
with  a flat  nose  and  the  other  with  a step-tier  nose,  as  described  In 
paragraph  2.3.  The  wet  sand  was  fully  saturated.  Tlte  letters  after  the 
shot  numbers  Indicate  that  special  analysis  was  suide  of  those  shots.  The 
letter  V indicates  that  veloc'.ty  data  from  the  X-rays  were  fitted  to  a 
Poncelet  force  law  as  described  In  paragraph  4.4,  with  Information  about 
the  fitting  tabulated  In  Appendix  A.  The  letter  M Indicates  that  the 
velocity  results  were  compared  with  the  magnetic  sensor  data  obtained  with 
the  velocity  colls,  with  results  of  the  comparison  listed  at  the  end  of 
each  tabulation  in  Appendix  A.  The  letter  B indicates  that  a bow  wave 
was  observed  In  front  of  the  projectile  In  one  or  more  of  the  X-rays  (see 
paragraph  3.5.1). 

3.2.2  Secondary  Test  Program  Matrix 

Shot  numbers  not  Included  in  the  primary  test  program  are  listed  In 
Tabic  4. 

3.3  DESCRIPTION  OF  EXPERIMENTAL  DATA 

For  each  of  the  74  shota  listed  In  Appendix  A the  position  and  cavity 
separation  angle  Information  obtained  from  the  X-ray  records  Is  given  In 
the  first  data  group.  An  example  Is  shown  In  Table  5. 


16 


TABLE  3.  SHOT  NUMBERS  OF  EXPERIMENTAL  MATRIX  FOR  PRIMARY  TEST  PROGRAM 


Projectile  Type 
end 

Sand  Condition 


Solid 
Flat  Nose 
Dry  Sand 


Solid 
Flat  Noae 
Wet  Sand 


Velocity  Range 

400  m/sec 

14  B 

15 

20  VB 

25  VB 

16 

22  VB 

26  VMB 

17  V 

23  VB 

n VB 

18  V 

24  VMB 

29  VM 

19  V 

70  VM 

71  VM 

72  VM 

73  VM 


36 

37  VK 

38  V 
74  V 
81  VM 


76  VM 

82  V 

83  VM 

84  VM 


Solid 

Seap-Tler  Nose 
Dry  Sand 

52  V 

53 

54  VM 

55  VM 
57  V 

56  VM 

58  VM 

59  VM 
61  VM 

62  VB 

63  VB 

64  VMB 

65  VB 

42 

39  V 

* 

50  M 

Solid 

43 

40 

51 

Step-Tier  Nose 

44 

41 

68  VM 

Wet  Sand 

45  V 

49  VM 

69  VM 

(V  indicates  that  calculated  velocities  of  nose  and  center  of  gravity  are 
Tabulated  In  Appendix  A;  M indicates  ithat  the  tabulation  also  includes 
coBparison  with  the  magnetic  sensor  data;  B Indicates  bow  waves  were  observed. 
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tms  4.  SHOT  NUMBERS  OF  EXPERIMENTAL  MATRIX  OF  SECONDARY  TEST  PROGRAM 


Target 

Medium 

Impact  Velocity  Ranges 
Shot  Numbers 

Solid 

Blconlc 

Dry 

Sand 

320  m/sec 
30  V,  31  V,  32  V 

Hollow 

Blconlc 

Dry 

Sand 

350  m/sec 
35  V 

400  m/sec 
33,  34 

Solid 
flat  Note 
0.152  meter 
long 

Dry 

Sand 

240  m/sec 
77,  78  V.  79  VM 

Hollow 

Step-Tier 

Dry 

Sand 

230  m/sec 
88.  89  V 

Hollow 

Step-Tier 

Wet 

Sand 

440  m/sec 
90 

Hollow 

Step-Tier 

Water 

230  m/sec 

85,  86  VM,  87  VM,  91  V 

Special 

Wet  Sand 

250  m/sec 
46 

550  m/sec 
47.  48 

Model 

1 

Dry  Sand 

66,  67 

(V  Indicates  that  calculated  velocities  of  nose  and  center  of  gravity  are 
listed  In  Appendix  A;  M Indicates  that  the  tabulation  also  Includes  com- 
parison with  the  magnetic  sensor  data.) 
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TABLE  S.  EXAMPLE  OF  FIRST  DATA  GROUP 


SHOT  «A  I 12  MAWrH,  19T6,  NO,  S J 

X-RAV  STATION NCl.l  NO, 2 NQ.J  NO. 4 

TIME  (SCCQNO)  .1100675  .0016S7  .003003 

CENTgw  OF  gravity  P05iTiC.4  (M) 

-§:m  kill  kfli  ?:II3 

»•»  o-* 

•90«t •••>  S.O  J.S  2,S 

no|{%fA'tA'aAVti:AK  oto?lo  o.Sila  o.oilo  o.»|o 

" SoKt;oN?i°".d"i o.o;r  o.23?  o.ii;  o,a«3 

A5SIfiaj'!«J 

..........  0.O24  0.232  0.533  0.044 

VCRTICAL  •0.001  *0.074  •0.O60  *0.064 


406.  M/J 
>0.225  H 

NO. 5 

.004502 

1.035 

0.160 

•6.0 

0.5 

O.81I5 

1'1“I 

n,l40 

48 
67 


The  first  line  below  the  shot  nuaiber  and  date  gives  the  target 
medium:  dry  sand,  wet  sand  or  H-OH  (meaning  HpO  for  shots  Into  water), 

the  density  In  kg/m^,  the  projectile's  approaching  velocity  In  meters  per 
second  as  veasured  hy  the  counter  start  and  stop  velocity  screens  as 
described  In  paragraph  2.3  and/oT  by  the  time  from  the  break-wire  on  the 
gun  muzzle  to  the  X-ray  trigger  foil  switch  located  on  the  front  of  the 
box  88  recorded  on  the  oscillograph  strip  chart.  The  second  line  gives 
the  projectile  type,  mass  In  <g,  nominal  diameter  and  length  in  meters. 
Below  each  X-ray  station  number  is  listed  the  time  in  seconds  from  the 
foil  switch  trigger  to  the  firing  of  that  X-ray.  The  firing  times  were 
determined  from  the  delay  settings  and  also  by  noting  signals  appearl.tg 
on  the  scrip  chart  records  for  various  sensors.  The  next  two  lines  give 
the  calculated  center  of  gravity  position  coordinates  In  meters  measured 
from  the  front  and  bottom  of  the  target  box.  Note  that  the  first  hori- 
zontal coordinate  Is  negative,  since  the  projectile  is  still  outside  the 
box. 


The  projectile's  angle  of  inclination  Co  the  horizontal  and  the  cavity 
separation  angles  at  the  nose,  measured  wl;;h  reupect  to  the  projectile  axis, 
are  listed  In  the  next  two  lines  of  data.  A row  of  asterisks  (****) 
Indicates  missing  data.  These  angles  were  measured  on  the  X-ray  negatives, 
as  was  Che  measured  nose  width  In  meters.  The  next  two  lines  are  calculated 
nose  position  coordinates,  corrected  for  X-tay  beam  divergence.  The  last 
two  lines  give  the  raw  data  on  the  nose  position  In  Che  X-ray  picture,  with 
Che  vertical  position  measured  from  the  row  of  letter  markers  on  the  wall 
of  Che  box,  ao  that  a negative  coordinate  indicates  distance  below  the 
letters. 
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For  22  shots  (those  not  marked  with  e V or  M In  the  experimental 
matrices  of  paragraph  3.2,  no  further  data  are  tabulated  In  Appendix  A. 

The  other  52  shots  have  additional  groups  of  calculated  data  to  be  discussed 
In  paragraph  4.3,  and  the  26  marked  with  an  M In  the  experimental  matrices 
of  paragraph  3.2  Include  magnetic  sensor  data  In  the  last  data  group,  as 
shown  In  Table  6. 


TABLE  6,  EXAMPLE  OF  LAST  DATA  GROUP  (SHOT  NO.  26) 


RECOKOEO  rXKK 

>5i8 


QP 

• 000 


MAXIMUM/'^ 

)09 


COM, 

AT  . 

AT  him 
RECQROtO  COIL 


'ION 


pSiUtON 


£8!!’55lt.gs*  5? 
8:183  hSil  l:U3 

(M) 


(1  ft  6 AAft  0 7T8  1 078 

0 • c5 1 


AT  MIN 


0,214 


O.'O 


0.042 

0,273 


The  first  line  of  data  In  this  last  data  group  (see  Table  6)  lists 
the  time  In  seconda  from  the  X-ray  trigger  coll  switch  time  to  the  maximum 
voltage  from  the  four  magnetic  sensor  velocity  colls.  The  second  line 
lists  Che  times  of  Che  minimum  voltage  at  each  of  the  colls.  These  times 
were  transcribed  from  the  strip  chart.  The  next  two  lines  are  computed 
nose  positions,  as  will  be  described  In  paragraph  4.4.  The  next  line 
lists  the  actual  positions  of  the  four  coils  as  recorded  in  the  log  book, 
and  the  lust  two  lines  record  the  differences  between  the  two  computed 
nose  positions  and  the  actual  positions.  The  significance  of  these 
differences  will  be  discussed  In  paragraph  4.4. 


34  PRELIMINARY  ANALYSIS  OF  TABULATED  DATA 

3.4.1  Nose  Positions 

Nose  positions  as  measured  on  the  X-ray  photos  were  recorded  as 
INPUT  NOSE  POSITION  In  the  first  data  group  of  the  tabulations  of  Appendix 
A (see  Table  5)  and  also  the  apparent  nose  width.  This  apparent  nose 
width  as  compared  to  the  known  actual  nose  width  provides  a first-order 
correction  for  the  divergence  of  the  X-ray  beams.  A simple  computer 
program,  based  on  similar  triangles  with  apex  at  the  X-ray  source,  was 
used  to  correct  all  apparent  horizontal  and  vertical  distances  In  pro- 
portion to  Che  known  correction  for  nose  width.  The  corrected  nose 
positions  are  tabulated  Immediately  above  the  raw  data  Input  nose  positions. 

3.4.2  Center  of  Gravity  Position 

The  center  of  gravity  position  was  calculated  from  the  corrected 
nose  position  and  Che  (uncorrected)  Inclination  angle  by  using  Che  known 
distance  from  Che  nose  of  Che  projectile  Co  Its  center  of  gravity.  This 
correction  did  not  account  for  projectile  yaw.  Yaw  was  believed  negligible 
because  of  Che  straightness  and  lateral  stability  of  the  trajectory. 

Further  data  analysis  Is  given  in  Section  IV. 


20 


3.5  DATA  MOT  ANALYZED 


3.5.1  Bow  Waves 

Several  of  the  X-'tays  showed  a detached  shock  wave  ahead  of  the 
projectile,  revealed  by  a density  discontinuity.  This  occurred  notably 
in  the  higher  speed  impacts  in  dry  sand.  In  the  primary  test  matrix  of 
Table  3 shot  numbers  marked  with  a B showed  well  defined  shock  waves.  Thus 
the  flat~nosed  projectiles  showed  shock  waves  in  the  intermediate  velocity 
range  also. 

The  bow  shock  wave  appeared  an  a roughly  parabolic  curve  (almost  a 
circular  arc  near  the  vertex)  with  vertex  at  a distance  ahead  of  the  pro- 
jectile nose  of  Che  order  of  magnitude  of  Che  projectile  diameter.  The 
X-ray  pictures  have  been  retained  for  possible  use  in  future  theoretical 
analysis  of  the  deformation.  Figure  4 shows  tracings  of  two  of  the  bow 
waves  ahead  of  the  projectile  nose  in  two  positions  in  Shot  26.  The 
distance  between  Che  two  positions  is  not  Co  scalr:  in  the  figure,  but 
the  position  of  each  bow  wave  is  shotm  relative  Co  the  nose. 


Figure  4.  Tracing  of  a Bow  Wave  for  Shot  No.  26 


Similar  shock  waves  were  also  observed  in  some  of  the  preliminary 
shots  with  0.50  caliber  projectiles. 
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3.5.2  Separation  Angles 

In  some  shots  the  separation  angles  above  and  below  appeared  to  be 
approximately  symmetric  with  respect  to  the  nose  velocity  vector,  which 
was  slightly  different  from  the  projectile  heading  as  given  by  the  re> 
corded  Inclination  angle.  In  almost  all  of  the  cases  recorded  In  the  pri- 
mary test  program  only  the  nose  was  In  contact  with  the  sand.  In  future 
analyses  It  may  be  possible  to  relate  the  separation  angles  to  the  shape  of 
the  false  nose  of  sand  formed  In  front  of  the  flat-nose  projectiles  and/or 
to  the  lift  forces  exerted  on  the  nose. 

3.5.3  Marker  Movements 

The  preshot  and  postshot  X-rays  shoving  movement  of  the  small  steel 
Biarkers  have  not  been  analyzed.  This  information  may  be  useful  for 
evaluating  future  theoretical  analyses  of  target  medium  deformation. 

3.5.4  Pressure  and  Strain-Gage  Measurements 

The  pressure  transducer  strip  chart  records  may  furnish  useful  data 
to  cooq>are  with  the  observed  bow  waves  and/or  with  future  theoretical 
analyses  of  stress  and  deformation  wave  propagation  In  the  target.  The 
strain  gage  measurements  on  the  aluminum  test  chamber  walls  were  also 
recorded  on  the  atrip  chart.  These  strain  pulses  are  also  related  Co  Che 
pressure  wave  in  the  sand,  but  are  strongly  influenced  by  the  response  of 
the  aluminum  plate  to  a traveling  and  varying  dynamic  load. 
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SECTION  IV 


CLASSICAL  AND  EMPIRICAL  ANALYSIS  OF  EXPERIMENrAL  DATA 

4.1  INTRODUCTION 

Trajectory  plots  for  the  52  shots  of  the  primary  test  program 
are  given  In  paragraph  4.2.  Since  these  trajectories  are  very  nearly 
straight  and  horizontal  throughout  the  1. 2-meters-long  region  of 
observation,  analysis  by  one-dlmenslonal  penetration  modela  is  feasible. 
In  paragraph  4.3.1  computer  plots  of  horizontal  poslton  versus  time  and 
of  velocity  versus  position  are  given  for  21  of  the  shots.  These  were 
obtained  by  first  fitting  a cubic  polynomlnal  Interpolation  formula  to 
the  position  data  and  then  fitting  a Poncslet  force  law  to  each  shot, 
as  described  In  paragraph  4.3.2,  which  also  contains  a comparison  of 
the  values  obtained  for  the  Poncelet  drag  coefficients  of  the  41  shots 
of  the  primary  matrix  that  have  been  analyzed  by  this  method.  Results 
of  magnetic  sensing  are  compared  with  the  X-ray  data  In  paragraph  4.4. 
This  data  analysis  was  performed  at  the  University. 

Results  of  a different  method  of  determlng  the  Poncelet  coef- 
ficient for  each  shot  and  also  results  of  empirical  analysis  by  methods 
similar  to  those  developed  at  Sandia  Laboratories  (References  12,13)  are 
given  In  paragraph  4.5.  Variation  of  the  drag  coefficient  within  a 
shot  Is  discussed  In  paragraph  4.6  by  considering  separately  different 
segments  of  several  trajectories.  These  last  two  data  analyses  were 
performed  at  the  AFATL. 

4.2  TRAJECTORIES  OF  PRIMARY  TEST  PROGRAM 

Computer-plotted  trajectories  for  the  51  shots  df  the  primary  test 
program  matrix  listed  In  Table  3 are  shown  In  Figures  5 through  10  based 
on  the  X-ray  data  for  the  positions  and  Inclination  angles.  In  each  plot 
the  circles  mark  center  of  gravity  positions  and  the  other  end  of  the 
line  from  the  circle  Is  the  nose  poslton.  Shot  number  Is  shown  at  the 
left  end  of  each  trajectory.  The  horizontal  and  vertical  scales  are  the 
same,  but  each  successively  numbered  trajectory  In  a figure  la  plotted 
displaced  upward  one  square  (12.5  cm)  from  the  preceding  one.  The  plots 
give  a pictorial  summary  of  the  trajectory  data.  Precise  positions  are 
given  In  the  tabulations  of  Appendix  A. 

The  most  remarkable  feature  of  the  trajectories  Is  their  straight- 
ness, following  In  most  cases  a nearly  horizontal  straight  line  through 
the  1. 2-meters-long  target  box.  All  but  one  of  trajectories  have  a 
slight  upward  trend.  The  greatest  rise,  6.2  cm,  occurred  for  Shot  19  in 
Figure  5(a).  Shots  16  to  19  of  this  group  for  the  solid  flat-nose  pro- 
jectile impacting  dry  sand  at  about  210  m/sec  all  show  a continuously 
Increasing  angle  of  Inclination,  reaching  16.5  degrees  In  Shot  19.  This 
was  the  largest  inclination  angle  recorded.  Positive  final  Inclination 
angles  were  recorded  for  31  shots,  negative  for  19  shots  and  zero  for 
one.  Shot  76  In  Figure  7(b).  T.n  dry  sand  the  flat-nose  projectiles  showed 
9 positive  and  4 negative  final  Inclination  angles  while  the  step-tier 
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Figure  5.  Trajectoriea  of  Solid  Flat-Noaed  Projeccllea  for  Xnpact 

Velocities  in  the  210  e/aec  Range 
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Flgura  6.  Trajcctorlaa  of  Solid  Flat-Noacd  Frojactilas  for  Inpact 

Valocitlaa  in  tha  320  n/aac  Xnaga 


25 


>H.OO  0 00  ?$.00  i 50.00  I 75.00  I 1 

j I HOfjIZGNTflL  POSITION'  (CM)  I , 

(b)  Wet  Sand 

Figure  7,  Trajectories  of  Solid  Flat-Noaed  Projectiles  for  Impact 

Velocities  in  the  400  m/sec  Range 
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Figure  8.  Trajectories  of  Solid  Step-Tier  Projectiles  for  Impact 

Velocities  in  the  210  m/sec  Range 
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projectile*  shoved  5 positive  and  4 negative.  In  saturated  sand  the  fiat- 
nosea  shoved  11  positive  and  2 negative  final  Inclination  angles  while  the 
step-tier  noses  showed  7 positive  and  3 negative.  The  largest  negative 
angle  was  -14.3  degrees  in  Shot  53  of  Figure  8(a).  This  was  also  the  only 
trajectory  that  did  not  rise. 

Some  of  tne  trajectories  show  a continued  rise,  even  with  a negative 
angle.  This  Is  most  evident  in  Shots  27  and  29  of  Figure  7(a)  for  the 
flat  nose  impacting  dry  sand  at  400  m/sec.  The  X-ray  pictures  show  that 
during  the  part  of  the  trajectory  observed  only  the  flat  nose  was  in 
contact  with  the  sand,  so  chat  no  forces  were  acting  on  Che  afterbody 
surface. 

Since  the  trajectories  are  so  straight  in  the  region  of  observation, 
analysis  by  one-dimensional  penetration  models  is  reasonable,  for  example 
the  Poncelet  force  law  to  be  discussed  in  paragraphs  4.3  and  4.5  and 
Che  Cavity  Expansion  Theory  penetration  model  i.t  Section  V. 

4.3  AHALYSIS  AND  DISCUSSION  OF  TABUTJiTED  POSITION-TIME  RESULTS  BASED 

ON  X-RAY  DATA 

4.3.1  Cubic  Interpolation,  X,  t-plots  and  V,  x-plots 

> Velocity  analysis  has  been  carried  cut  for  52  shots  for  which  complete 
X-ray  data  (5  stations)  were  available.  This  includes  41  shots  from  Che 
primary  test  program  and  11  from  the  secondary  program  (chose  marked  with  a 
V In  Tables  3 nd  4.)  In  the  data  reduction  at  the  University  of  Florida,  the 
velocity  analysis  was  performed  first  by  fitting  a cubic  interpolation 
formula  to  the  data,  and  later  improved  results  for  the  x-component  of  the 
center  of  gravity  velocity  were  obtained  by  fitting  the  data  to  a formula 
derived  from  the  Foncelet  force- law  penetration  model.  Ttie  Poncelet  lav 
fittings  will  be  discussed  In  paragraph  4.3.2. 

The  coefficients  of  each  cubic  polynomial  are  listed  In  Che  tabulations 
of  Appendix  A. 

For  exampia,  for  flhoC  26,  the  tabulated  coefficients  for  C.G.  VELOCITY 
X-COHP.  imply  the  polynomial 

X - -0.1277  393. 3t  - 46,190c^  + 3,432,000t^  (1) 

for  X in  meters  and  t lu  seconds.  The  -oef ficlenCa  were  determined  by  a 
least-squares  fit.  At  the  end  of  each  set  of  tabulated  coefficients  is 
listed  the  standard  deviation  In  mstara  [square  root  of  the  sum  of  the  squares 
oi  the  differences  between  the  measured  x-positlons  and  chose  calculated  by 
the  cubic  at  the  times  of  firing  of  the  X-raya].  For  Shot  26  the  standard 
deviation  is  0.3014  meter  for  the  x-component,  indicating  a very  good  fit. 

Velocities  were  calculated  from  the  fitted  rubies.  For  example,  for 
Shot  26  the  center  of  gravity  x-component  velocity  la  given  by 

V - “ - 393.3  - 92,380t  V 10,296,000t^  m/aec  (2) 
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Thli  ahculd  glv*  « good  approximation  to  tho  velocity  near  rha  eautar  of 
tha  Interval • but  larger  arrora  vould  bo  axpaetad  at  tha  anda.  Computar 
plota  of!  (a)  tha  calculated  x.t>curva  and  (b)  tha  calculated  7,x-curvo 
fer  21  ahota  of  tha  primary  teat  program  are  ahown  In  Flgurea  11  through 
52.  On  each  x,t-plot  the  five  experiaental  data  pointa  ara  marked  by 
aquarea.  The  aolid  curve  la  the  fitted  cubic,  and  the  curve  marked  %rlth 
vertical  atrokca  la  a curve  baaed  on  the  Foncelet  force  lav,  to  be  diacusaed 
in  paragraph  4,3.2.  It  la  eaen  that  the  fitted  cubic  x,t-curvea  agree 
vary  veil  with  the  cxperlmantal  data,  tlie  cubic  and  Poucclet  x,t-cur.vea 
are  alao  cloae  to  each  other  through  the  whole  Interval.  Tt\elr  alopea 
begin  to  differ  at  the  end&  of  the  intervals  of  obaervation.  Tha  V,x- 
plota  by  the  tvo  methoda  therefore  show  conalderable  dlffecencea  at  th« 
enda.  The  cubic  interpolation  would  give  completely  unreaaonable  reaulte 
outside  the  interval  of  obaervation  (0  to  1.2  metars). 

4.3.2  One~Diseensional  Analysis  of  Velocltlaa  by  Fitted  Ponc.elet  Force  Law 

The  Poncelet  force  lav  (Rafarence  2)  takes  Che  following  form, 
after  dividing  through  by  the  maaa  a of  the  projectile, 

- g - A + BV^  (3) 

where  A and  B are  par&aetera  depending  cn  thu  target  matarial  as  wall  cs  on 
n.  For  the  high  velocitiea  in  Che  Interval,  of  obaervation  In  the  present 
program,  the  contribution  of  A la  negligible,  end  the  V,x*curves  have  been 
fitted  by  taklrg  A equal  to  sero  and  determining  a beat  fit  for  B by  a non* 
linear  regreaaicn  procedure  Chat  mlnimlzea  the  etandard  deviation  from 
the  experimental  date  of  the  x,t*curve  obtained  by  integrating  Equation  (3). 

Equation  (3)  can  be  integrated  cxplictly  for  given  initial  date 

(V^,  x^,  t ) to  obtain 
0 o o 

or,  with  A ■ 0 

V - V^e“®^*“*o^  (5) 

With  V “ dx/dt  a second  integration  of  Equation  (5)  gives  then 

X - x^  - (1  + BV^(t-t^)]  (6) 

The  more  complicated  case,  with  A 0,  is  dlecuaaed  in  Section  V on  the 
Cavity  Expansion  Theory. 

Equation  (6)  was  fitted  to  the  experimental  x,t-data.  A nonlinear 

regression  is  required.  The  procedure  followed  In  this  eeccion  wee  to  take 

initial  conditions  x , V , and  t from  the  exparimantel  data  and  tha  cubic 

o o o 
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Figure  13.  Posit lon-Tlae  Plot  for  Shot  Ho.  19  (V  -V.) 
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Flgura  18.  Velocity  Varaua  Position  for  Shot  Ho.  24  (V  .V,) 
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Figure  19.  Position-Time  Plot  for  Shot  Mo.  26  (V  ^V.) 
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Figure  22.  Velocity  v«reue  Position  (or  Shot  No.  29  (V  ■¥.) 
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Figure  37.  Posltion-Tioie  Plot  for  Shot  No.  59  (V  -V,) 
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figure  43.  Posltion-Tlae  Plot  for  Shot  Ho.  65  (V  »V,) 
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Interpolation  results  of  paragraph  4.3.1.  A different  p.:ocedur(.‘  will  be 
used  In  paragraphs  4.5  and  4.6.  Measured  approach  velocities  were  avail- 
able but  there  was  some  uncertainty  about  the  exact  time  the  nose  of  the 
projectile  first  Impacted  the  target.  Positions  at  the  times  of  the  X-ray 
firings  were  more  precisely  known.  The  majority  of  the  aralyses  (33  shots) 
were  therefore  made  with  Station  3 as  Initial-value  point,  with  Vq  - V3  aa 
given  by  the  cubic  Interpolation,  since  that  point  ie  near  the  middle  of 
the  Interval  where  differentiation  of  the  cubic  Interpolation  formula 
should  be  most  accurate.  Calculated  velocities  at  Stations  1 and  2 were 
j then  obtained  for  negative  values  of  t-t^  and  x-x  . For  19  shots  that 

j procedure  led  to  unreasonably  large  calculrted  values  for  V at  x ••  -0.115 

I meter  where  V should  be  equal  to  the  approach  velocity.  For  these 

I cases  the  analysis  was  therefore  made  with  Station  1 selected  as  Initial 

point . 

In  the  tabulations  of  Appendix  A the  value  of  is  tabulated  as 
VO  on  the  line  below  the  tabulated  Poncelet  drag  coefficient.  For  example, 
for  Shot  26  the  value  VO  ■ 267  is  listed.  Comparision  with  C, G.Vel.X-Comp. 
values  four  lines  above  this  entry  shows  that  In  this  case  For 

the  21  cases  plotted  in  paragraph  4.3.1,  the  captions  include  either  the 
statement  Vp"Vj^  or  Vq“V2»  and  It  is  also  easy  to  tell  from  the  V,  x-plots 
where  they  were  made  to  agree. 

All  the  fitted  Poncelet  curves  (those  marked  by  vertical  strokes) 
now  give  a reasonable  agreement  at  x -11.5  cm  with  the  measured  approach 
velocity. 

The  standard  deviation  of  the  x-posltlons  calculated  by  Equation  (6) 
from  the  experimental  values  Is  tabulated  for  each  case  in  Appendix  A 
immediately  following  the  tabulated  V^. 

The  Poncelet  drag  coefficient  tabulated  on  the  same  line  Is  related 
to  the  coefficient  B of  Equation  (1)  as  follows.  In  aerodynamics  a 
dimensionless  drag  coefficient  Cp  Is  defined  such  that  the  drag  force  on 
an  object  of  projected  area  Aj^  on  a plane  perpendicular  to  Che  velocity 
Is  given  by 

2 

Inertial  Drag  Force  ■ pAj^C^V  /2  (7) 

where  p Is  the  density  of  the  medium  being  traversed.  Comparison  with 
Equation  (3) , neglecting  A,  shows 

B ■ pAj^Cjj/2m  or  Cjj  » 2mB/pAj^  (8) 

The  projectile  mass  in  kilograms  and  the  target  sand  density  In  kg/m  are 
tabulated  for  each  shot  in  Appendix  A. 

Table  7 lists  the  Poncelet  drag  coefficients  for  each  of  the 
41  shots  of  the  primary  test  program  whose  velocities  were  analyzed.  In  dry 
sand  there  Is  little  variation  with  impact  velocity  of  the  value  of  Cp 
I required  to  fit  the  X-ray  position  time  data  in  the  region  observed.  These 

I dry  sand  results  are  well  characterized  by  the  Poncelet  force  law  with  a 
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TABLE  7 . POMCELET/DRAG  COEFFICIENTS  CALCULATED  FOE  PRIM/JIY  TEST  PROGRAH 


Projectile  Type 
and 

Sand  Condition 


Flat  Noae 
Dry  Sand 


Solid 
Flat  Nnae 
Wet  Sand 


Solid 

Step-Tier 
Dry  Sand 


Solid 

Step-Tier 
Wet  Sand 


210  m/aec 
Shot  C^ 


Impact  Velocity  Range 


320  m/s«c 
Shot  Cq 


400  u/aec 
Shot  ' Cq 

25 

1.68 

26 

1.65 

27 

1.77 

29 

1.71' 

Avg 

1.70 

Avg  0.82 

62  1.83 


(Valuea  narked  witlf  excluded  from  average) 


value  of  Cjj  - 1.7  for  the  flat-nose  projectile  and  • 1.8  for  the  step- 
tier  projectile.  In  paragraph  4.6,  a different  method  of  determining 
Cp  Is  presented,  however,  which  shows  up  variations  In  Cp  along  a tra- 
jectory. 

In  the  wet  sand  (fully  saturated)  there  Is  a downward  trend  of  Cp 
as  the  Impact  velocity  Increases,  Indicating  that  the  penetration  Is  not 
well  characterized  by  a Poncelet  force  law  with  coefficients  Independent 
of  velocity.  There  Is  also  more  scatter  In  the  Cp  values  obtained  for 
some  of  the  velocity  regimes  In  the  wet  sand. 

The  saturated  sand  Cp  values  are  all  lower  than  any  of  the  dry 
sand  values  (except  for  Shot  65,  which  Is  believed  to  be  In  error).  Shot 
No.  87  Into  a water  target  at  241  m/sec  was  fitted  by  Cp  <■  0.51.  Apparently 
the  fully  saturated  sand  tends  to  respond  somewhat  like  a water  target. 

Magnetic  sensor  response  Is  compared  with  X-ray  data  In  the  fol- 
lowing paragraph. 

4.4  COMPARISON  OF  MAGNETIC  SENSOR  RESULTS  WITH  X-RAY  DATA 

For  the  26  shots  marked  with  an  M In  Tables  3 and  4 the  cubic  Inter- 
polation formula  described  In  paragraph  4.3.1  was  used  to  comoute  the 
nose  position  of  the  projectile  at  the  time  of  maximum  and  minimum  coll 
voltage  from  each  magnetic  sensing  coil.  These  are  compared  to  the  coil 
position  In  Che  last  data  group  tabulated  from  each  of  these  shots  In 
Appendix  A.  The  differences  between  these  two  positions  (tabulated  In  two 
last  lines)  give  the  apparent  distance  back  from  the  nose  to  where  Che 
maximum  outward  radial  component  of  Che  projectile's  magnetic  field  cut  the 
sensing  coll  (or  the  maxlmiim  Inward  component  for  the  minimum  voltage  case) . 

In  Shot  26,  for  example,  the  distances  were  0.024,  0.023,  0.035,  0.042 
back  CO  Che  apparent  maxima.  The  first  two  of  these  agree  quite  closely 
with  the  laboratory  mapping  of  Che  magnetic  field  of  the  projectile  reported 
In  paragraph  2.3,  which  Indicated  that  Che  maximum  should  occur  about  0.02 
meter  back  from  the  nose  of  Che  flat-nosed  projectile  If  the  magnetized 
projectile  passed  through  Che  center  of  the  coll.  There  was  some  dis- 
crepancy at  the  last  two  stations,  but  an  error  of  0.02  meter  Is  quite  small 
compared  to  the  position  coordinate  of  1.076  meters  at  Che  last  station. 

Shot  26  had  one  of  Che  stralghCest  trajectories. 

Larger  discrepancies  are  recorded  for  several  shots.  The  largest 
positive  difference  noted  Is  for  Station  2 of  Shot  50  where  tiie  apparent 
maximum  was  0.063  meter  back  of  the  nose  as  compared  with  the  laboratory 
measurement  of  0.022  meter  for  a solid  step-tier  projectile.  ?lnce  this 
occurred  at  Station  2 (position  0.486  meter  ) It  would  represent  about  an 
8 percent  error  In  position  indication. 

For  several  stations  a negative  difference  was  noted.  The  largest 
was  -0.027  meter  for  Station  3 In  Shot  58,  also  a solid  step-tier  pro- 
jectile, Indicating  an  apparent  maximum  0.027  meter  ahead  of  the  nose  or 
0.049  meter  ahead  of  the  maximum  position  according  to  the  laboratory 
measurement  of  the  field,  leading  to  a 6 percent  position  error  at  Station  3. 
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In  the  najorlty  of  the  cases  the  spparmit  srtors  were  sissllsr  than 
these.  No  laboratory  measurement  was  made  for  the  hollow  step-tier  pro- 
jectiles, but  differences  between  computed  nose  positions  and  coll  positions 
for  them  In  Shots  79,  86,  sod  87  were  in  the  range  of  the  differences  for 
the  solid  projectiles. 

A possible  source  of  the  errors  could  be  off-center  projectile  paths, 
although  both  Shots  SO  and  58  had  quite  straight  trajectories  according  to 
the  X-ray  records.  Other  possible  sources  of  error  are  Imprecise  measurement 
of  coil  positions  and/or  muxlmum  time  on  the  atrip  chart  and  possibly 
distortions  of  the  magnetic  field  of  tne  projectile  caused  by  the  impact. 

It  la  believed  that  the  X-ray  data  are  generally  more  precise  than 
the  magnetic  sensor  data.  Nevertheless  the  Investigation  has  indicated  that 
the  magnetic  sensing  method  can  give  quite  good  results,  and  It  Is  certainly 
an  economical  method. 

A different  procedure  for  determining  the  Poncelet  drag  coefficients 
will  be  presented  in  paragraph  4.5,  which  also  considers  application  of  the 
empirical  penetration  formula  developed  at  Sandla  Laboratories  (References 
12,13). 

4.5  COMPARISON  OF  PONCELET  AND  SANDIA  QIPIRICAL  FORMULA  RESULTS 

The  Sandla  empirical  formulas  (References  12,13)  are  rewritten  here 
In  SI  units.  Thus,  according  to  Young  (Reference  13)  the  total  depth  of 
penetration  D is  given  in  terms  of  the  Initial  Impact  velocity  Vq  by  an 
equation  of  the  form 

D - 0.0117  KSN(W/Aj)^^^(V^  - 31.5)  for  > 61  in/sec  (9) 


or  by 


D - 2KSN(W/A,)4:n(l  + 2V„^(10"^))  for  V < 61  m/sec 
,1  o o 


/ W Is  projectile  weight 

/ Aj^  Is  cross  sectional  area 

Since  all/lmpacts  In  the  present  study  had  > 61  m/sec,  a procedure  based 
on  a method  used  by  Young  (Reference  13)  to  modify  Equation  (9)  for  use  with 
layered  media  was  used  to  analyze  the  Eglln  experiments.  In  Equation  (9), 

N Is^  nose  coefficient,  S Is  a soil  coefficient,  and  K is  an  independently 
d^ermlned  parameter.  Since  K,  S,  and  N appear  only  as  the  product  KSN,  the 
procedure  followed  was  to  determine  the  best  value  of  KSN  to  fit  the  experl- 
^^'"rcntal  velocity  versus  position  data.  The  projectiles  for  the  present 
experiments  were  considerably  smaller  and  lighter  than  those  for  which  Che 
empirlcsl  formulations  and  scaling  laws  had  been  shown  to  give  good  results. 


According  to  Young  (Reference  13) , for  > 61  m/sec  the  constant  A 
in  the  Poncelet  Equation  (3)  of  paragraph  4.3.2  is  negligible,  so  that 
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Equaclon  (5)  is  the  appropriate  form  of 
to  position,  nairely  (with  - 0) 


t'  ! ?late  velocity 


V - V e "•  (11) 

o 

In  the  procedure  of  this  section  both  the  Poncelet  parameter  B and  the  initial 
velocity  Vq  at  X ■ 0 are  considered  as  unknowns  to  be  determined  from  the 
experimental  data  of  Appendix  A as  follows.  The  velocity  V,  at  four  positions 
Xj,  each  located  midway  between  the  positions  of  the  projectile  in  two 
successive  X-ray  pictures,  is  calculated  as  “ Axj^/Ati,  where  Ax^  is  the 
distance  traveled  during  the  time  between  the  firings  of  the  two  x-raya. 

Then  the  regression  procedure  gives 


B - [ (Ix^)  (^Z^nVj)  - EXj^fnV^l/tZx^^  - |-(Zx^)  (Ex^)  ] 


- Exp  (r^nV^  + ^B(Ex^)}  (13) 

where  1 ■ 1 to  4. 

The  Poncelet  drag  coefficient  is  then  given  by  C_  ■ 2mB/pAj^  as  in  Equation 

(8). 

The  basis  for  the  application  of  the  Sandla  empirical  formula  to 
layered  media  (Reference  13)  was  the  assumption  of  constant  decelei  "ion 
through  each  layer.  Thus  if  a^  is  the  acceleration  magnitude  nondl-’  'slon- 
alized  with  respect  to  g,  the  acceleration  of  gravity  (so  that  a^g  i he 
dimensional  deceleration),  then  the  velocities  at  the  beginning  a^d  the 

end  of  a layer  were  related  (P.eference  13)  by 

■ ''n  - <Vl  * 

where  t is  the  thickness  of  the  layer  and  it  Is  assumed  that  tjj>>L,  For  the 
flat-nosed  projectile,  with  L "0,  Equation  (14)  reduces  to 

vi.,  - - 2a  gt  (15) 

n+1  n n®  n 


which  is  the  basis  for  the  following  regression  procedure  to  determine  the 
Sandia  parameter  KSN.  Let 


Gi  - vj/l0.0117(v^  - 30.5) (V^  - vp  (W/A)^'^] 


KSN  - 


E(x^  - 

C(Xi  - Xj^)^  - - Xj^))  [£(x^  - Xj^)] 


1 ■ 2 to  4 


The  different  regression  analyses  presented  in  this  paragraph  and  in 
paragraph  4.3.2  gave  for  the  classical  Poncelet  equations  in  most  cases  almost 
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the  eame  reeulte  for  Cq.  The  results  for  Cq  as  a function  of  Initial 
velocity  for  the  solid  flat-nosed  projectiles  In  dry  sand  and  In  wet 
&and  are  sumarlzed  In  Figure  53.  When  the  two  regression  results  differed 
significantly  the  result  of  paragraph  4.3.2  was  used.  As  shown  by  the  solid 
triangles  the  value  of  Is  alaost  Independent  of  the  Initial  velocity 
In  dry  sand,  while  the  values  for  saturated  sand  (marked  by  the  solid 
circles)  are  lower  than  for  dry  sand  and  show  a downward  trend  with 
increasing  initial  velocity. 
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A similar  plot  of  the  fitted  value  of  the  Sandla  parameter  KSN  for 
the  same  shots  is  shown  in  Figure  54.  The  greater  scatter  in  the  fitted 
values  of  KSN  than  In  those  of  Cj^  Indicated  that  these  penetration  events 
are  not  well  characterized  by  a single  value  of  KSN  for  each  shot.  The 
greater  discrepancies  with  the  Sandia  equation  can  be  explained  in  part  by 
the  assumption  of  a constant  deceleration  meguitude  In  each  segment,  In 
contrast  with  the  Poncelet  prediction  does  fit  the  dry  sand  experi- 

mental data  very  well. 

In  paragraph  4.6  the  r'“.  ible  variation  of  the  Poncelet  coefficient 
with  position  along  a tr  ' ^vory  is  examined  by  fitting  separate  values 
fov  different  portions  the  trajectory  fer  each  shot.  Some  of  the  values 
cl  lid  KSN  for  ^.le  shots  analyzed  by  the  regression  methods  described 

In  this  Be.: •'  will  also  be  given  in  Table  8 for  dry  sand  and  Table  9 for 

wet  sand. 

4.6  DRAG  COEFFICIENT  VARUTION  WITH  POSITION  ALONG  A TRAJECTORY 

The  favorable  agreement  with  the  experimental  data  of  the  position- 
time and  velocity-position  curves  calculated  by  the  Poncelet  force  law 
suggested  further  analysis  by  this  model.  The  variation  In  the  drag  coef- 
ficient along  a trajectory  was  examined  for  some  of  the  solid  flat-nose 
projectile  trajectories,  for  9 shots  In  dry  sand  and  10  In  wet  sand,  Including 
examples  fro.i  each  of  the  three  impact  velocity  regimes  of  the  primary  test 
program.  These  calculations  were  made  by  separately  evaluating  the  Poncelet 
parameter  B for  three  different  segments  of  each  trajectory  by  the 
following  equation. 

B - »C„Aj/2.  - I««<V„/V^,)l/(x^l  - x„)  (18) 

where  subscripts  n and  n -f  1 Identify  values  at  the  beginning  and  the  end  of 
a segment. 

Tables  8 and  9,  for  dry  sand  and  wet  sand,  respectively,  exhibit  In  the 
third  column  the  resulting  drag  coefficients  calculated  by  Equation  (18)  for 
three  segments  of  the  trajectory  for  each  shot.  The  tables  also  list  In  the 
last  two  columns  some  of  the  values  of  C-  and  the  Sandia  parameter  KSN  fitted 
to  the  whole  trajectory  by  the  methods  or  paragraphs  4.3.2  and  4.5.  Wlien  two 
values  of  C~  were  listed  for  a shot,  the  first  was  calculated  by  the  method 
of  paragraph  4.3.2  and  the  second  by  the  method  of  paragraph  4.5. 


As  was  pointed  out  at  the  end  of  paragraph  4.3  the  values  fitted 
to  the  dry  sand  shots  are  consistently  higher  than  those  for  saturated  sand. 
Moreover  :he  wet  sand  values  show  a downward  trend  with  increasing  Impact 
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53.  Poncelet  Drag  Coefficient  Cp  versus  Initial  Velocity 
for  Flat-Nosed  Projectile  Tests  In  Dry  Sand  and  Wet  Sand 
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Figure  5A.  Sandia  Penetration  Coefficient  KSN  versus  Initial  Velocity 
for  Flat-Nosed  Projectile  Tests  In  Dry  Sand  and  Wet  Sand 
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First  listed  value  of  calculated  by  method  of  paragraph  4.3,2 


First:  listed  value  of  Shot  C-  calculated  by  method  of  paragraph  4.3.2 


velocity » while  for  dry  sand  the  values  were  essentially  li'idependent  of 
striking  velocity. 
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Of  pa^iricular  interest  here  is  the  change  In  Cp  along  a trajecto»y 
as  shown  by  the  two  or  three  different  values  listed  In  the  third  colunn 
for  each  shot.  In  many  cases  the  first  segment  Cp  Is  higher  than  the 
second  and  then  the  trend  Is  reversed  to  give  a third  segment  Cp  higher 
than  the  second.  This  pattern  is  followed  In  8 <^f  the  10  wet  sand  cases 
and  In  4 of  the  9 dry  sand  cases,  for  which  three  segments  were  calculated. 

The  dry  sand  coefficients  show  less  variation  along  the  trajectory 
chan  the  wet  sand  coefficients,  a variation  of  the  order  of  30  percent 
between  the  maximum  and  minimum  values  in  dry  sand  and  two  or  three  times 
this  much  variation  in  wet  sand. 

This  variation  might  Imply  that  Cp  Is  velocity  dependent  Instead  of 
being  a constant.  It  seeaui  that  In  some  cases  the  drag  coefficient  varia- 
tion can  be  fitted  to  a power  law  In  the  velocity.  An  example  of  this  Is 
given  In  Section  VI. 

The  apparent  variation  In  the  coefficient  may,  however,  actually  be 
a result  of  assuming  an  incorrect  form  for  the  force  law.  If  the  force  law 
contains  a term  linearly  dependent  on  velocity  in  addition  to  the  term 
depending  on  the  square  of  the  velocity,  both  with  constant  coefficients, 
this  would  lead  to  an  apparent  variation  In  the  Cp  determined  by  Equation  (18), 
which  Is  based  on  a law  where  the  force  Is  proportional  to  the  square  of  the 
velocity. 

The  high  drag  at  the  beginning  of  the  trajectory  may  'Iso  be  related 
to  shock  effects  Involving  not  only  the  velocity  but  also  the  ..^pulse 
duration  and  the  acoustic  Impedance  of  the  target  medium.  The  minimum  Cp 
appears  to  be  related  to  momentum  transfer  to  the  target  medium,  where 
the  predominant  drag  is  proportional  to  the  square  of  the  velocity.  F ally, 
as  the  projectile  slows  and  the  cavity  collapses  onto  it.  friction  and 
shear  resistance  In  the  target  medium  become  Important,  giving  rise  to  an 
Increase  In  the  apparent  drag  coefflclant. 
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SECTION  V 
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CAVITY  RTPANSION  THEORY  PENETRATION  CALCULATION 


In  19  75  Kjpronrd  and  Hnnagud  (Rnfcrnnce  6)  poMlshed  4 report,  o'.ondlog 
£ht  Jipproxlnaca  pcnocration  calculation  aachod  for  projectilaa  ulch  a haaia'- 
pharlcal  nosa,  baaed  on  the  theory  of  axpanalon  of  a apharlcal  cavity  (CET) , 
to  projactllca  with  conical  and  ogival  notes  and  showing  how  it  c<v.iH  be 
extended  to  an  arbitrary  axially  aywactric  projectile.  The  first  m.  oi 
GET  atetnods  for  dynaaic  penetration  was  by  CooH^cr  (Refererxe  26)  fot  » 
spherical  projecti  a impacting  an  incompressible  strain  hardcr.Ing  target. 
Hanagud  and  Rops  (Reference  3)  modified  the  method  to  account  approximately 
for  target  compressibility  by  creating  the  target  material  as  a locking 
•eedlum.  The  method  haa  been  applied  to  penetration  calculations  for  flat- 
nose  projectiles  by  Rohanl  (Reference  4),  with  the  implicit  assumption  that 
a false  hemispherical  nome  oj  target  material  la  formed  and  carried  by  the 
projettile  along  a stable  straight  path. 


It  should  be  remembered  that  sev  . il  quite  important  assumptions  are 
made  in  applying  the  cavity  expansion  mernod  to  penetration  calculations,  so 
that  extensive  experimental  verification  Is  necessary  to  check  on  Che  range 
of  approximate  validity  of  predictions  by  the  method.  Nevertheless  it  has 
achieved  some  reisarkable  success  in  predicting  penetration  depths  from 
messured  soil  properties  (Reference?  4,6,7).  Bernard  and  Kanagud  (Reference 
6)  defined  a dlmenslonleaa  parameter  R^,  which  ^e>  call  the  solid  Reynolds 
number  ^ 


.sr. 


(19) 


where  p la  target  density.  Y is  target  yield  strength  in  a uniaxial  strain 
teat,  and  V is  projectile  velocity.  It  was  concluded  that  final  penetration 
depth  was  reasonably  well  predicted  for  between  sero  and  about  100.  They 
considered  the  upper  bound  of.  100  as  a conservative  one,  since  results  of 
experlstenta  at  high  values  of  R,  are  needed  in  order  to  establish  a mors 
realistic  range.  They  remarked  that  accurate  prediction  of  details  of  the 
complete  deceleration  history  might  demand  a much  stronger  lialtatio.?  on  R^. 

According  to  the  spherical  cavity  expansion  theory  for  an  infinite 
locking  compresaible  medlva  the  compressive  normal  stress  p at  the  cavity 
surface  is 

“ *'s  ‘*1  * ‘’p  ^®1*^ 

where  and  arc  the  separate  contributions  of  the  material  deformation 
(shear)”and  inertia,  which  Bernard  and  Hanagud  (Reference  6)  call  the  shear 
resistance  and  the  dynaaic  pressure,  respectively.  In  tLls  wTuction  p.  is 
tha  locked  plastic  density  in  ths  region  behind  the  expand  .’ng  spherical 
plastic  locking  shock  wave,  a is  the  instantaneous  cavity  rajl >s.  A,  and  B 
are  the  radial  velocity  and  acceleration  of  the  cavity-  sur.'act  and  p^, 
and  B2  are  parameters  related  to  properties  of  the  Datcrlal,  The  way  these 
parameters  are  calculated  will  be  indicated  later  in  this  aection. 
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In  applying  this  theory  to  penetration  by  a projectile  with  a hemi- 
spherical nose  two  very  important  assumptions  are  made  (References  3,4)  ip 
order  to  get  a simple  theory. 

(1) .  The  parts  p and  of  the  normal  pressure  at  the  tip 

of  a hemispherical  nose  of  radius  a on  a projectile  traveling  at  speed 
V and  acceleration  ^ are  assumed  to  be  equal  to  the  values  of  Pg  and  pj 
on  a spherical  cavity  surface  of  the  same  Instantaneous  radius  a,  but 
expanding  with  a ■ V and  H ■ V. 

(2) .  The  entire  hemispherical  nose  Is  assumed  to  be  in  contact 
with  the  target  material,  and  the  dynamic  pressure  on  the  projectile's 
hemispherical  nose  is  assumed  to  vary  from  the  stagnation  point  value  at 
the  nose  tip  to  zero  at  the  shoulder  as  the  cosine  of  the  polar  angle 
measured  from  tip  (colatitude) , while  p^  is  uniform  over  the  nose. 

If  friction  on  the  nose  and  all  afterbody  forces  are  neglected 
this  leads  in  a straightforward  manner  to  the  following  equation  of  motion 
for  the  projectile  of  mass  M 

(M  + -jita  - - ita  (p^  + ^ 

2 1 

The  term  ^a  ppBj^  Is  an  added  mass  term  resulting  from  the  acceleration  term 
p Bj^aH  In^the  expression  for  the  dynamic  pressure  in  Equation  (20).  In  most 
cSses  that  have  been  treated  the  added-mass  term  was  negligible  in 
comparison  to  Che  projectile  mass  M. 

In  modifying  the  method  to  other  exlsymmetrlc  nose  shapes,  Bernard 
and  Hanagud  replaced  the  assumption  on  the  variation  of  pj  over  the  nose 
surface  by  an  assumption  on  the  variation  along  the  nose  of  the  tangential 
component  of  the  target  absolute  velocity.  For  o fully  embedded  nose, 
the  material  was  assumed  to  be  in  contact  all  along  the  nose  surface  (no 
separation  before  the  base  of  the  nose),  an  assumption  which  they  recognized 
was  not  generally  strictly  correct.  The  normal  component  of  target 

material  velocity  was  therefore  required  to  be  equal  to  the  normal  component 
of  the  velocity  of  the  projectile  nose  surface.  For  a conical  nose  of 
half  apex  angle  It  was  assumed  that  the  tangential  component  of  target 
velocity  varies  from  V cos  at  the  nose  tip  to  zero  at  the  base  of  the 
cone,  according  to  the  law 

Vj,  - (1  - <z/L)^)^^^  V cos  Ip  0<z<L  (22) 

where  L is  the  nose  length  and  z is  the  axial  coordinate  measured  back  from 
the  tip  of  the  nose.  The  velocity  dependent  part  of  the  dynamic  pressure 
Pj  was  then  assumed  to  depend  on  the  local  resultant  particle  velocity 
magnitude  V » (V^  + In  the  same  way  that  Pj  depends  on  a In  the 

spherical  cavity  expansion  theory.  Similar  assumptions  cciuld  be  made 
about  the  dependence  on  the  local  particle  acceleration  on  the  nose  surface, 
but  because  that  term  Is  usually  much  smaller  than  the  velocity-dependent 
term,  Bernard  and  Hanagud  (Reference  6)  chose  to  use  the  nose  tip  acceleration 
V,  so  that  Pt  Is  given  by 

p - p B,aV  + p B-V^  (23) 

I pi  P 2 p 
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where  varies  over  the  nose  while  ^ does  not.  Integration  of  the  axial 
force  component  over  the  nose  then  gives  the  following  equation  of  notion, 
replacing  Equation  (21) 

(M  + + Pp®2‘n''^^ 

where  the  dimensionless  nose-shape  factor  f^^  Is  given  for  a conical  nose 
of  length-to-dlameter  ratio  L/D  by 

f . 1 _ 2 

n ^ 3 4 (L/D) 2 + 1 (25) 

Besides  containing  the  factor  f^^  In  place  of  the  factor  3/2,  Equation  (24) 
differs  from  Equation  (21)  by  lacking  the  factor  3/2  in  the  term  containing  3^. 

1 

Bernard  and  Hanagud  (Reference  6)  observed  that  with  the  assumption 
Hated  above  the  variation  In  f^  as  L/D  varle?  from  zero  (flat  nose)  to  ! 

Infinity  (long  pointed  nose)  produces  a variation  In  predicted  final  pene-  ^ 

tratlon  depth  by  a factor  of  three.  For  L/D  ■ 0.5,  f„  Is  3/2  and  the  pre-  , 

diction  Is  the  same  as  for  the  hemispherical  nose,  when  the  contribution  of  \ 

the  added-mass  term  containing  Is  negligible.  j 

For  other  fully  embedded  convex  axlsymmetrlcal  nose  shapes,  Bernard  | 

and  Hanagud  (Reference  6)  gave  a method  for  estimating  and  V|.  at  any 
position  on  Che  nose  by  considering  the  circumscribed  cone  tangent  tf  the 
nose  at  Che  point.  The  base  of  the  cone  was  in  Che  same  plane  as  Che  actual 
nose  base,  but  Che  tip  was  forward  of  Che  actual  tip.  The  components 
and  at  the  point  of  tangency  were  assumed  to  be  equal  to  Che  values  of  Vn 
and  V(  chat  would  be  assumed  on  Che  circumscribed  cone  at  the  point  of 
tangency  If  it  were  an  actual  conical  nose,  calculated  by  the  procedure 
described  above  for  conical  noses.  This  gave  a continuous  variation  of 
over  the  nose,  dropping  to  zero  at  the  base  of  the  nose.  ExpllriC  formulas 
for  Vp  and  pj  as  a function  of  position  on  the  nose  were  ;{lven  for  ogives 
(Reference  6j.  For  the  special  case  where  the  ogive  Is  a hemisphere , the 
distribution  of  Pj  over  the  nose  as  calculated  by  this  procedure  differs 
slightly  from  that  given  by  the  previous  procedure  assuming  p^  to  vairy  as 
the  cosine  of  Che  polar  angle.  But  the  resultant  axial  force  is  Che  same 
when  the  added-mass  tern  containing  B^  Is  negligible. 

Because  of  Che  formation  of  a false  noso  of  target  material.  It  • 

does  not  seem  reasonable  to  apply  these  assumptions  to  actual  flat-nose 
projectiles.  Neither  the  X-ray  pictures  nor  post-test  examination  had  shown 
Che  actual  shape  of  the  false  noses  formed  In  the  Eglln  penetration  experi- 
ments. In  Che  following  analysis  of  Shots  20  and  21  of  the  Eglln  experi- 
ments two  kinds  of  asaumpclons  were  made  for  Che  chape  of  the  false  nose. 

The  first  assumption  was  a hemispherical  nose,  leading  to  Equation  (21)  for 
Che  equation  of  motion.  The  second  kind  of  assumption  was  a conical  nose, 
leading  to  Equation  (24).  The  second  assumption  was  applied  for  L/D  values 
of  0.5,  0.4,  0.2,  and  0. 

The  material  properties  for  the  dry  sand  target  were  determined  as 
follows.  The  shear  or  devlatorlc  properties  were  based  on  a trlaxlal  test  ' 

performed  In  the  Civil  Engineering  Laboratories  at  Che  University.  Figure  ^ 

55  shows  a plot  of  - 03  versus  Cj^,  where  Oj^  and  cj  arc  axial  compressive  I 

stress  and  strain  and  O3  is  the  constant  lateral  confining  pressure  of  | 


I 


0.S89  MPa.  Th«  dots  dsnote  ths  sxpsrlMntsl  curvs  whils  ths  two  strsight 
Iluaa  ars  thb  bilinear  fit  to  it.  Proa  the  bilinear  fit  the  values  of 


S4  MPa. 


- 1.39  MPa, 


T » l.A  MPa 


were  detcraincd  for  the  elaatic  modulus  E.  tangent  modulus  E^  in  the  plastic 
regime,  and  yield  atreas  Y (at  the  intersection  of  the  two  straight  lines). 
The  bilinear  approximation,  required  for  the  simple  cavity  expansion  theory, 
seems  to  be  quite  a reasonable  one  for  the  trlaxial  teat  curve. 


The  required  approximation  to  the  coapreaalbillty  properties, 
determined  from  a uniaxial  strain  test  as  shown  in  Figure  36  is  mors  extrema 
and  more  arbitrary.  It  is  necessary  to  approxiamte  the  curve  by  tvo  vertical 
(Incompreaaible)  lines  Joined  by  a horixontal  Jump  representing  the  change 
in  density  from  the  locked  elaatic  density  at  uniaxial  strain  e^.  to  the 
locked  plastic  density  at  uniaxial  strain  c.  upon  the  passage  of  the  plastic 
shock  wave.  The  approxiaMtioos  assumed  correspond  to  uniaxial  strain  values 
of 


Elastic  “ 0.03  Plastic  ■ 0.094 

The  initial  density  was  ■ 1340  kg/m^.  TtMo 


Pp  “ 1700  kg/m^  and 


P^/p_  “ 0.906 
o p 


leading  to  the  following  numerical  values  for  constants  in  the  theory 


“ Tl 


0.00296 


Op  - 1 - (Pg/Pp)  • 0*094 


0 " I - <P  hjm  • 0.1020 
o p 

B,  - 1.3  + (l+a„)6^^^  ♦ 0.36^ 
2 P 


Bj  - 1 - 


0.333 


4/3  . 


1.013 


Ps  - |E(l-e"^®)  - |y  ^n  « |y  s^E^  - |Ej{ J_j(«**/n^) ) - 3.396  MPa 

(29) 

The  formulas  for  0.  Op,  B..  B,.  and  p are  as  given  in  Hanagud  and  Ross 
(Reference  3).  and  dlffer^slightly  from  the  versions  in  Bernard  and  Hanagud 
(Reference  6).  The  differences  have  to  do  with  inclusion  of  various  terms 
that  contribute  little  to  the  actual  ouaMrical  values  obtained.  With  this 
value  of  B|.  the  added-mass  term  containing  Bj^  in  Equations  (21)or  (24)  is 
0.00283  kg.  which  is  negligible  in  comparison  to  tha  projectile  mss  m 
(0.3431  kg  in  Shot  20  and  0.5443  kg  in  Shot  23).  The  equation  then  takes 
the  form 

^ - (A  + BV^)  (30) 

as  in  the  Poncelet  force  law.  Equation  (30)  is  Integrated  to  give 

X ■ X + •5fn{cos(*^  (t-t_))  /b/A  V Min(/AB  (t-t  ))}  (31) 

OB  O O O 


BO  , B 


88 


Theee  reaulti  are  plotted  In  Figure  57  for  Shot  20  and  Figure  58  for 
Shot  25.  The  coef f Icler.te  A and  B for  the  two  ahota  have  the  valuea  ahown 
In  Table  10. 
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TABLE  10.  COEFFICIENTS  FOR  CAVITY  EXPANSION  THEORY  PENETRATION  CALCULATIONS 


Shot  20 

1 

Shot  25 

Curve 

L/D 

A(m/s^) 

B(m“S 

Curve 

L/D 

A(m/s^) 

B(m"^) 

1 

0.5 

1900 

0.661A 

1 

0.5 

1903 

0.662A 

2 

O.A 

1900 

0.73A0 

2 

O.A 

1903 

0.7351 

3 

0.2 

1900 

0.9009 

3 

0.2 

1903 

0.9023 

m 

0 

1900 

0.9922 

A 

0 

1903 

0.9936 

- 1 

Also  plotted  In  each  figure  la  the  fitted  Poncelet  curve  through  the 
experimental  points.  The  agreement  la  fairly  good  for  the  hemispherical 
nose  (Curves  1,  L/D  ■ 0.5),  overestimating  the  penetration  by  3 to  5 per- 
cent and  the  final  velocity  by  about  11  percent  in  Shot  20.  The  xt-curve 
for  L/D  - O.A  (Curve  2)  la  essentially  coincident  with  the  experimental 
curve  In  each  case.  The  Vx-curve  is  also  coincident  with  the  experimental 
curve  In  Shot  25  and  ovcreatlmates  the  final  velocity  by  only  3 percent  for 
Shot  20.  It  la  emphasized  that  the  parameter  values  used  for  the  prediction 
were  determined  from  the  two  static  curves  as  shown  in  Figures  55  and  56. 
Thes'  parameters  were  determined  before  calculation  of  Figures  57  end  58.  No 
adjustments  were  made  to  the  parameter  values  to  get  a better  agreement  with 
the  experimental  results. 

Thus,  with  an  assumed  false  conical  nose  with  L/D  “ O.A  the  details 
of  the  deceleration  history  are  remarkably  well  predicted  for  Shots  20  and 
25  in  Che  region  of  observation.  The  prediction  with  an  assumed  spherical 
nose  (or  a cone  with  L/D  ■0.5)  is  also  not  bad.  The  solid  Reynolds  number 
for  these  two  shots  is  R,  " 127  for  Shot  20  and  Kg  “ 181  for  Shot  25,  both 
above  the  range  of  Rg  In  which  Che  cavity  expansion  theory  was  known  to 
give  good  results.  (See  the  discussion  following  Equation  (19).) 

Any  attempt  to  apply  the  theory  directly  to  the  flat-nosed  projectiles 
by  using  the  limiting  esse  of  L/D  ■ 0 as  In  Che  Curves  No.  A In  Figures 
57  and  58  would  greatly  ovcrpredlct  Che  drag  and  underpredlcC  the  penetration 
for  Shots  20  and  25. 

It  is  concluded  chat  Che  cavity  expansion  theory  method  has  consider- 
able merle  despite  Che  strong  assumptions  Involved  In  Its  application  to 
peaetratlon  theory.  For  projectiles  with  actual  conical  or  ogival  noses  or 
other  nonflaC  axlsymmetric  shapes  It  should  prove  profitable  to  consider 
oblique  impacts  and  attempt  to  modify  Che  theory  to  apply  locally  to  a sur- 
face area  element  somewhat  In  the  manner  of  the  assumed  differential  area 
force  laws  to  be  discussed  in  Section  VI.  This  has  not  been  done  yet  for  a 


I 


i! 

1 j 


* 

I 


i, 

I 


91 


8 


co«pl«ta  trajectory,  although  3ernard  and  Hanagud  (Reference  6)  dlscuused 
the  embedment  process  at  the  beginning  of  an  oblique  Impact  for  a pro- 
jectile with  A conical  nose. 

It  might  also  be  possible  to  make  similar  calculations  for  the 
flar-nosed  projectile,  but  this  would  severely  teat  any  assumed  false 
nose  shape.  It  may  be  possible  to  obtain  some  hints  about  the  false 
nose  shape  from  a study  of  the  separation  angles  as  shown  in  the  X-rays. 


j 


f 

I 


i 


1 


I 


94 


SECTION  VI 


RIGID  BODY  HOTION  IN  A SOIL  MEDIUM 
6,1  EgUATIONS  OE  MOTION 

Soil  penetration  prediction  techniques  as  classified  by  Triandafil- 
idis  (Reference  1)  are  considered  to  fall  into  two  broad  categories 

i.e.,  mathematical  and  experimental.  Under  the  broad  heading  of  mathema- 
tical further  suggested  subdivisions  are  semi-analytical,  analytical  and 
theoretical.  The  semi-analytical  techniques  listed  in  Reference  1 were 
all  restricted  to  completely  normal  penetration.  Even  the  cavity  expansion 
models,  classified  as  analytical,  are  also  restricted  to  normal  impact. 
Oblique  Impact  may  be  analyzed  using  an  analytical  Differential  Area  Force 
Law  (Reference  8).  However,  a computer  program  based  on  this  type  of 
analysis  has  limited  access  because  of  proprietary  restrictions,  as  well 
as  being  expensive  to  operate.  In  light  of  the  above,  a study  was  initi- 
ated to  develop  a simple  multidegree-of-f reedom  set  of  equations  of  motion 
for  bodies  of  revolution  in  a soil  medium.  The  ground  rules  for  this  devel- 
opment arc  as  follows: 

1.  The  projectile  was  to  be  a body  of  revolution  with  zero  rotation 
rate  about  the  longitudinal  axis. 

2.  Classical  six-degree-of-f reedom  equations  of  notion  would  be  used 
with  force  and  moment  terms  from  assumed  or  empirical  force  ex- 
pressions. 

3.  Force  expressions  would  be  selected  by  Joint  agreement  between 
the  contractor  and  the  project  engineer. 

4.  Results  were  to  be  projectile  position-time  tabulation  using 
Cartesian  coordinates  for  center  of  mass  position  and  Euler  angles 
for  body  rotations. 

For  the  derivation  a set  of  body  fixed  axes  x,  y,  t with  unit  vectors 
1,  j,  £ and  an  Inertial  fraise  x',  y',  s',  with  unit  vectors  i*,  j',  d' 
fixed  in  the  soil,  were  selected  and  are  uhovn  schematically  in  Figure  39. 

Tho  generalized  six-degree-of-f reedom  equations  of  motion  for  a 
rigid  nonsymnetrical  body  written  relative  to  the  body  axes  are  given  as 
(Reference  27): 

- m(lW)W-RV) 

Fy  - m(V+RU~PW) 

F^  - m(V^PV-qU) 

L - I P+I  (PR-<))-I  (R+PQ)+RQ(I  -I  )+I  (R^-<}^) 

XX  xy  ^ xz  ^ zx  yy  yz 

M - -I^y(?>Rq)-H^^Iy^(Pq-R)+RF(I^-I^^)4.I^^(p2-R^) 

N - l„(QR-P)-ly,«HPR)-«„R+l,jy(Q^-P^+<lP(lyy-l„) 

where: 

F , F , F Applied  forces  in  x,  y,  z directions  respectively. 

X y s 


(33) 

(34) 

(35) 

(36) 

(37) 

(38) 
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L,M,N  Applied  torqueo  or  nomente  about  x,y,s  axes  respectively- 
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Th«  force*  Fy,  and  F_  may  Chen  ba  d*t«rmln*d  by  th*  projected 
verted  ere**  normal  to  the  vcloeltlea  U,  V,  W respectively.  A force  la 
assured  to  exiot  only  when  the  vetted  surface  has  an  outvard  velocity 
component  normal  to  the  projected  area.  This  type  of  force  distribution 
applicable  only  wO  axlsymmetrlc  bodies,  assuvea  a uniformly  distributed, 
pressure  over  the  projected  vetted  area,  giving  rise  to  a resultant  force 
passing  ■ hrough  the  geometric  cents'*  of  the  projected  vetted  area.  When 
th*  g'  metric  center  of  the  projected  wetted  erce  coincide*  vith  the  cen- 
ter the  mesa  of  tfce  projcrtlle  tnen  no  applied  moment  L,  M,  N,  exists 
; i the  projectile.  If  the  projectile  is  hollow  or  If  the  geometric  center 
uf  the  projected  area  end  the  center  of  maas  do  not  coincide  then  an  applied 
moment  exists  and  la  equal  to  tha  applied  force  tlmco  the  distance  between 
the  geometric  center  of  the  projected  wetted  area  and  the  center  of  mass. 

For  a body  of  revolution  completely  submerged  the  medium  the  force 
distribution  due  to  a lateral  translatlonel  velocity  V la  ahown  In 
Figure  60  for  the  case  of  sero  sxtment.  In  e cesv  where  the  geometric 
center  of  the  area  anu  th*  center  of  mass  do  not  colnclda  the  fores 
distribution  la  ahown  in  Figure  61.  The  projected  area  used  to  deter- 
mine the  force  Fy  for  a completely  submerged  axlsyutecrlc  projectile  Is 
the  some  as  for  F|.  Tha  projected  arcs  for  for  the  completely  sub- 
merged projactil*  la  eimply  tha  cross  section  of  the  projectile  normal 
to  tha  X axis. 

If  th*  projectile  la  only  partially  submerged  then  only  a portion  of 
th*  total  projected  area  la  In  contact  with  the  soil  medium  and  a result- 
ant force  an'*  moirf.nt  will  exist  as  aho%m  In  Figure  62.  These  moments  and 
forces  are  ct'Sngitig  with  depth  of  penetration  and  become  functions  of  > 

I depth.  For  this  caee  the  forces  and  momenta  are  not  simple  expresalous  i 

due  to  th*  complicated  expressions  required  to  calculate  t’ne  areas.  The  | 

derivation  of  the  forces  and  moments  required  for  partial  penetration  of  i 

a conical  nose  are  given  in  Appendix  B.  These  equations  are  not  Included 
In  the  main  body  of  the  report  as  time  did  not  permit  complete  computer 
modeling  of  these  equations  and  therefore  are  aimply  Include!  as  Inforps- 
tlon. 

I 6.3  COORDINATE  TRANSFORMATIONS 

I Translational  and  angular  positions  relative  to  an  inertial  frame 

i fixed  in  the  soil  may  be  expressed  in  tenma  of  angular  and  translational 

velocities  of  the  body  fixed  axes  by  use  of  coordinate  transformations 
relating  the  two  systems.  The  coordinate  rotatlona  required  for  these 
, transformations  are  given  in  Reference  28  as: 

1.  Start  with  body  axis  x,  aligned  with  inertial  axis  x'  and 
rotate  about  body  axis  z,  through  an  azimuthal  angle  T. 

Tills  produces  a new  set  of  body  axes  X^. 

2.  Rotate  about  Y. through  a pitch  angle  Q.  This  produces  a new 
aet  of  body  axes  X^,  Y^,  Z^. 

3.  Finally,  rotate  about  X,  through  a roll  angle  6,  which  brings 
the  body  Into  Its  final'^bciy  axis  ayslem  X,  Y,  Z.  (This  rota- 
tion Is  not  important  for  a body  possessing  complete  symmetry 
about  the  X axis. 


/ 


Center  uf  Mass 


Figure  59.  Schematic  of  Body  and  Inertial  Axes, 
x'  Positive  Downward  in  Soil 


Figure  60,  Cencer  of  Mass  and  Geometric  Center 
of  Projected  Area  Coincident 


The  transfonuatlon  equation  based  on  these  angles  Is  given  as 


A 


I 


^BI  ^B* 


(46) 


which  traiisforms  an  arbitrary  vector  given  in  the  body  system  to 
a vector  A_  in  the  inertial  system.  The  transformation  matrix 
is  given  as 

fcyce  (cfsGs*  - sfc^)  (cfsecHoVs^)] 


T 


BI 


s¥c6  (sfsGs^  + cVc4)  (s7sGc(ti-cVs^) 
-sG  cOs^  cGc^ 


(47) 


where:  cG  " cos  6,s9  ■>  sin  6,  etc. 

For  orthogonal  transformation  such  as  this  the  Inverse  of  is  equal 
to  the  tranjpose  of  T-^;  therefore  the  Inverse  relation  of  Equation  (46) 
is  simply 


(48) 


By  using  Equation  (46)  the  velocity  vectors  U,  V,  W may  be  trans- 
formed to  give  the  velocities  x',  y*.  z',  in  the  inertial  system.  These 
velocities. 


;• 

u J 

y' 

V I 

1 

W 1 

may  be  Integrated  to  determine  the  position  x',  y' , 
mass  in  the  inertial  frame. 


(49) 


t*  of  the  center  of 


The  angular  velocities  are  related  to  the  angular  velocities 

P,  Q,  R through  a transformation  matrix  ROT  defined  by 


P 

I 

Q 

R 


- [ROT] 


(50) 


where : 


1 


[ROT]  - 


0 

0 


0 -slnO 

cos^  sin^cosG 
-sinf  cos^cosG 


(51) 


Due  to  the  non-ovthogonallty  of  [ROT]  the  inverse  of  the  [ROT]  transforma- 
tion is  not  [ROT]  . It  is  given  by 


100 


and 


[ROT] 


1 

0 

0 


sln^cand  cos^tanO 
cos^  -sln^ 
sln<^sec0  costsecf 


[ROT] 


(52) 


(53) 


Equations  (33)  through  (38), (49)  and  (S3)  represent  the  neceasaxy  equa- 
tions. When  solved  simultaneously  with  the  proper  Initial  conditions 
they  will  yield  the  position  and  orientation  of  the  body  as  functions 
of  time  in  the  inertial  frame. 


6.4  CALCULATIONS 


The  solution  of  Equations  (33)  through  (38),  (49)  and  (53)  may 
be  obtained  numerically  provided  expressions  for  the  forces  and  moments 
are  available.  In  the  general  case  where  impact  is  not  normal  the  ex-> 
pressions  are  rather  complicated  and  require  considerable  computer 
technique  and  programming  ability.  However,  a completely  submerged  pro^ 
Joctlle  could  be  handled  very  easily  for  the  force  distribution  as  given 
by  Equation  (45) . Also  if  the  assumption  is  made  that  only  the  nose  of 
the  projectile  is  in  contact  with  the  soil  and  submersion  of  Che  nose  Is 
Instantaneous,  a normal  Impact  can  be  handled  very  easily. 

Tlie  case  of  complete  submersion  was  prograomed  using  a MIMIC  source 
language  program.  This  program,  available  on  the  CPC  6600  in  the  Mathema- 
tical Laboratory  at  Eglln  AFB,  is  esser.cially  a fourth  order  Runge-Kutta 
numerical  method  for  solving  simultaneous  differential  equations.  A 
program  shown  as  Computer  Program  I of  Appendix  C was  developed  for  solu- 
tion of  Equations  (33)  through  (38),  (49)  and  (53),  for  a blunt  nosed 
cylinder,  a conical  nosed  cylinder  and  a hemispherical  nosed  cylinder. 
For  this  case  the  force  coefficients  A through  C are  assumed  to  be  con- 
stants, ^ * 


The  MIMIC  program  allows  for  naming  constants  or  variable  para- 
meters and  for  Program  I,  Appendix  C,  all  the  initial  conditions,  toil 
force  coefficients,  and  geometric  properties  were  given  a parametei 
status.  Only  Integration  time  and  print  frequency  were  named  const.mts. 
A check  cn  this  program  was  accomplished  using  the  data  for  the  blunt 
nosed  cylinder  listed  in  Figure  63.  The  assumption  in  this  case  is  that, 
for  normal  penetration,  nose  submersion  is  instantaneous  and  only  the 
nose  is  in  contact  with  the  soil. 


For  this  case  only  the  forces  parallel  to  the  x axis  of  the 
projectile  are  operative;  therefore  all  other  coefficients  are  set  to 
zero.  It  is  Important  to  note  here  that  the  coefficients  used  for 
this  case  were  obtained  from  test  data  of  Reference  l4.  The  results 
of  this  case  are  shown  in  Figures  64  and  65.  Both  plots  show  very 
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Data  taken  from  Reference  14  and  all  dimensions  In  cgs  units. 


Figure  63.  Data  for  Normal  Penetration  of  Blunt  Nooed  Cylinder 
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Figure  64.  Model  Verification  Using  Data  of  Reference  14.  Projectile 
Velocity  and  Depth  of  Penetration  versus  Tlwe 
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good  agreement  between  model  and  experimental  va'ues.  Both  fig- 
urea  show  a comparison  between  using  a constant  value  of  C for  the 
whole  velocity  range  and  using  values  for  A and  C for  velocities 
below  the  critical  velocity  of  100  m/sec.  fhc  overall  effect  of  using 
a value  for  A is  to  reduce  the  depth  of  penetration  at  the  lower  veloc- 
ities and  bring  the  projectile  to  rest  at  some  finite  time.  Tlie 
significant  difference  of  the  two  cases  is  shown  in  the  reduction  of 
depth  of  penetration  of  Figure  64. 

Further  verification  of  the  analytical  model  was  obtained  by 
use  of  experimental  data  of  the  Eglin  experimenta.  As  discussed  in 
Section  II  velocity  ffleasurements  of  aolid  blunt  nosed  cylinders  were 
made  using  an  X-ray  technique.  The  reduction  In  velocity  during  the 
traJecto).-y  was  assumed  to  be  attributed  to  a drag  tens  based  on  the 
expression 

^ ■ i ”*> 

where  is  defined  as  the  drag  coefficient  in  the  x*  direction,  p 
is  the  undisturbed  soil  density  and  A is  the  croaa  sectional  area  Sf 
the  projectile.  By  using  this  assumption  and  snalysing  the  data  as 
in  paragraph  4.6,  it  was  found  that  CL  had  a variation  with  velocity 
as  given  in  Table  11.  Also,  if  x'and  x are  assumed  to  be  collinear, 
then  i'  and  U are  equal. 


TABLE  n . VARIATION  OF  WITH  VELOCITY  x'. 


The  data  of  Tabic  11  fit  a power  lew  of  the  form 

Cp  - aU**  (55) 
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Figure  66.  Date  for  Sample  Run  of  Computer  Program  II 
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wh«v«  a 3.12  and  b " -0.1  whan  U la  txpraaaad  In  ca/sec.  if  aquation 
(54)  la  coapared  to  Equation  (45)  then  the  relation  batwaan  C and  la 
given  aa  * 


~2  *’aS‘ 


(56) 


The  density  of  the  soil  p used  In  the  axparlnuint  was  1.6  gn/cn'*^  thare- 
f re  Cjj  - O.SCp.  " 


Modifying  the  Computer  Program  I to  Include  Equations  (54) to  (56) 
results  In  the  Couputar  Program  II  given  In  Appendix  C.  The  data  used 
as  Input  for  this  case  are  given  in  Figure  66. 


The  results  of  these  runs  are  given  in  the  graphs  of  Figures  67 
and  68.  Figure  67  showa  the  variation  of  depth  of  penetration  with 
varlatlona  In  Impact  or  Initial  velocity.  Figure  68  ahows  correlation 
of  model  prediction  with  experimentally  determined  data. 


6.5  CONCLUSIONS 


The  results  of  the  preceding  paragraph  show  that  a simple  basic 
terradynamlc  approach  using  experimentally  determined  force  coefficients 
will  yield  reasonable  results.  However,  it  must  be  emphasized  that 
this  method  Is  highly  dependent  on  good  data  obtained  by  experiment. 

The  lack  of  force  coefficients  for  angle  of  attack  and  other  than  normal 
impact  prevents  model  verification  for  a general  case. 
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Figure  67.  Model  Verification  Ui<lng  Data  of  Table  11 
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SECTION  VII 


SONIC  Ai;C  UITRASONIC  WAVE  SPEED  MEASUREMENTS 
7.1  INTRODUCTORY  REMARKS 

Th«  pracedlng  «*celont  h«ve  dealt  with  Chu  tasting  and  perforaance 
charactarlstlcs  of  tarradynaalc  vahlclas.  Including  trajactory,  cavity 
ahapa,  separation,  raattachmant  and  stability.  Predictive  techniques  which 
allow  for  a quantitative  aascaament  of  earth  penetrating  vehicle  per- 
fotwnca  require  Inforaatlon  on  certain  parancters.  Important  among  these 
parameters  as  Inputs  Into  tarradynaalc  models  are  the  density  and  the 
acoustic  Impedance  of  the  target  medium  (Reference  29) . The  acoustic 
Impedance,  which  is  related  to  the  wave  velocity  In  the  suiterial,  has 
. particular  importance  In  delineating  regimes  of  application  of  penetration 

{ equations  as  well  ea  In  perhaps  predicting  bow  wave  speeds  observed  In  the 

j X-ray  studies. 

One  technique  which  has  been  explored  In  the  current  test  pn  gram 
for  obtaining  Information  on  the  above  parameters  Is  ultrasonic  wave  speed 
measurement.  The  use  of  ultrasound  as  a diagnostic  and  measurement  tool 
well  documented.  Pohlaan  (Reference  30),  for  example,  has  catalogued 
ultrasonic  research  topics  In  a series  of  volumes  with  frequent  updating  of 
the  literature.  Specific  descriptions  of  ultrasonics  In  diagnostic  appli- 
cations have  also  been  dlsc*'ssed  In  such  references  as  (References  31,32), 
j while  techniques  for  measurement  of  mechanical  parameters  are  contained  In 

References  33  through  35.  Kany  mechanical  properties  Masurements  by 
ultrasound  have  been  directed  toward  obtaining  Information  on  the  elastic 
properties  of  either  solid,  liquid,  cr  gabcous  otedla  using  the  pulse-echo 
or  through-transmission  techniques,  as  described  for  example  by  idcSkimin 
(Reference  36) , Papadikls  (Reference  37)  and  others  (References  33  through 
35) . Some  recent  properties  measurements  on  solid  heterogeneous  media  such 
' as  fibrous  composite  materials  and  rock  media  have  been  reported  on  in 

' References  40  through  42.  These  media,  while  dispersive  In  nature,  remain 

amenable  to  conventional  ultrasonic  testing  procedures  because  of  the 
retention  of  speclsMn  shape  during  machining.  For  granular  or  solid  media. 

In  which  three  distinct  phases  are  present  (solid,  liquid  and  gas),  and 
for  which  confined  samples  are  not  readily  produced,  measurement  of  mechanical 
properties  becomes  more  involved.  Some  data  collection  related  to  soil 
msdla  has  been  reported  In  References  43  through  46.  Because  of  the  phase 
inhomogensity,  properties  measurements  for  soil  types  such  as  dry  or 
saturated  sands  arc  difficult  tasks.  For  example,  dllatatlonal  wave  speeds 
through  dry  sands  by  sonic  radiation  provide  reasonable  properties  data, 
while  similar  Masurements  through  saturated  sand  have  proved  unsatisfactory 
(Reference  43) . 

The  filled  pores  allow  rapid  propagation  of  dllatatlonal  waves,  so 
that  measurements  of  the  waves  transmitted  by  the  skeletal  phase  generally 
require  the  measurement  of  shear  waves  instead.  These  wavec  appear  to 
reflect  a better  standard  measurement  of  the  skeletal  stiffness  and  are 
frequently  used  In  testing  soils  properties  at  ultrasonic  frequencies.  For 
this  reason  many  of  the  tests  reported  in  the  literature  report  data  on  the 
pronagstlon  of  shear  waves  (Reference  44). 
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In  obtaining  such  data  It  Is  Important  to  note  that  considerable 
disparity  In  the  reported  magnitude  of  acoustic  waves  In  soils  appears  In 
the  literature.  This  discrepancy  is  partially  due  to  the  measuring 
technique  used,  type  o£  pulse  disturbance  used  for  generating  the  trans- 
mitted signal,  and  amplitude  of  resulting  disturbances.  In  any  event  it 
Is  Important  to  note  that  current  analytical  swdels  appear  Inadequate  to 
predict  wave  velocltle.,  and  It  la  necessary  to  obtain  quantitative  measures 
of  the  wave  velocities  in  real  sells  by  experluental  procedures  (Reference  64). 

I'l  the  studi''?  reported  In  this  section,  wave  speeds  In  dry  or  moist 
Eglln  sand  (3  to  13  percent  moisture  by  weight)  have  been  Investigsted  with 
three  purposes  In  mind:  (1)  to  obtain  Input  for  existing  penetration  codes 

requiring  this  information  or  for  delineating  'I’ounds  on  the  usefulness  of 
terradynamlc  equations  (Reference  29),  (2)  for  pote*  ‘el  relationship  to 
observed  bow  shock  wave  speeds  (Reference  21) , and  v for  possible  use  as 
a tool  for  establiiihlng  the  compaction  state  of  sand. 

The  major  part  of  tha  Invastigatlon  has  baan  concerned  with  ultre- 
sonic  wave  speed  measuremente  ae  a function  of  compaction  and  testing  pressure. 
Several  difficulties  were  encountered  with  the  tcating  program,  and  It  still 
has  had  only  limited  success.  The  difficulties  were  associated  with  the 
dispersive  nature  of  thu  sand  medium,  especially  at  high  frequencies  and  low 
testing  preaauree.  The  ultrasonic  wave  speed  measurement  techniques  and 
results  will  be  described  In  paragraph  7.2. 

A brief  discussion  will  be  given  In  paragraph  7.3  ot  some  low  frequency 
field  measurements  of  sound  wave  speeds. 

7.2  EXPERIMENTAL  PROCEDURES  AND  RESULTS  FOR  ULTRASONIC  WAVE  SPEEDS 

A Psnametrlcs  Ultrasonic  Intervalometer  system  was  available  at  the 
University  that  could  be  used  either  In  a pulse-echo-overlap  method  with 
the  same  transducer  used  both  for  sending  and  for  receiving  the  reflected 
signal  or  In  a through-tranamlsalon  method  with  separate  sending  and 
receiving  transducers.  Because  of  the  dispersive  nature  of  the  medium, 
effort  was  concentrated  on  the  through-transmission  method.  The  Panameterlcs 
system  can  be  used  alone  with  broad  band  single  pulses,  or  in  conjunction 
with  a pulsed  radio-frequency  (RF)  oscillator  it  can  he  used  with  a burst 
of  RF  oscillations. 

The  first  testing  of  sand  samples  used  the  single  broad  band  pulse 
from  the  Ultrasonic  Pulsing  Module  of  Psnametrlcs  system  ss  Input  signal  to 
a Panametrlcs  Type  V201  5 MHz  longitudinal  transducer.  The  sand  was  first 
compacted  under  conditions  of  uniaxial  strain  In  a steel  cylinder  O.OS  meter 
In  diameter  under  axial  pressure  of  4.4  to  22  MPa.  After  unloading,  end 
plates  each  containing  one  of  the  transducers  were  mounted  on  the  cylinder 
and  the  broad  band  pulse  applied  to  one  end.  The  broad  band  pulse  contains 
all  frequency  components,  but  the  received  signal  resembled  a distorted  tine 
wave  with  the  first  few  oscillations  at  a frequency  0.02  times  the  5 MHz 
transducer  resonant  fiequency.  An  example  Is  shown  in  Figure  69. 
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(Sweep  Speed  20  ps/cm,  vertical  50  mv/cm) 

Figure  69.  Received  Pulse  from  Broadband  Input  Pulse 


A portion  of  the  Input  broadband  pulse  is  seen  at  the  beginning  of 
the  oscilloscope  trace,  driving  the  signal  off  scraen.  The  received  pulse 
is  amplified  and  mixed  with  the  broadband  pulse  Internally  in  the  Pana- 
metrics  unit  and  then  displayed  on  an  oscilloscope.  Precise  timing  can  be 
accomplished  in  a manner  similar  to  that  for  the  RF  bursts  as  will  be 
described  later  in  this  section.  More  details  on  the  operation  of  the 
Panametrlcs  system  are  given  in  Reference  A5. 

The  pulse  displayed  in  Figure  69  was  transmitted  through  a sand 
sample  0.0094  meter  thick  while  under  an  axial  pressure  of  about  0.2  MPa 
after  compaction  by  an  axial  pressure  of  4.4  MPa  in  the  steel  cylinder.  The 
attenuation  of  the  pulse  by  the  sand  was  so  great  that  this  equipment  and 
procedcre  could  not  be  used  with  samples  much  thicker  than  0.05  meter. 

Also  the  signal  became  erratic  when  the  applied  axial  pressure  during  the 
wave  speed  measurement  was  about  0.1  MPa(approxlmately  15  psl)  and  dls- 
.ippeared  altogether  at  some  lower  pressure.  But  the  most  disappointing 
feature  of  the  results  was  that  the  measured  wave  speed  appeared  to  depend 
on  the  thickness  of  the  sample.  This  is  a result  of  the  change  In  shape  of 
the  pulse  as  It  propagates  through  the  dispersive  medium.  What  was  measured 
in  these  tests  was  the  speed  of  propagation  of  the  leading  edge  of  the 
received  pulse,  which  would  be  the  group  velocity  of  the  transmitted  wave 
packet  of  oscillations  if  the  transmitted  packet  did  not  change  its  shape 
so  much. 
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Figur*;  70.  Leading-Edge  Wave  Speeds  for  a 0.01-iaeter-thlck  Dry  Sand  Sample 
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Figure  70  shows  the  leading -edge  wave  speed  for  a 0.01-oieter-thick 
dry  sand  sample  versus  axial  testing  pressure  varying  from  about  0.05  MPa  to 
about  0.30  MPa  for  specimens  previously  compacted  at  three  different  ajilal 
pressures.  Figure  71  shows  the  same  kind  of  plot  for  a 0.023-meter-thick 
dry  sand  sample.  Figure  72  is  a photograph  of  the  steel  cylinder  in  place 
In  a fixture  mounted  In  a Tlnius  Olsen  universal  testing  machine  to  provide 
the  axial  force  during  testing.  The  two  transducer  leads  can  be  seen 
coning  out  of  the  flxutre.  In  this  setup  the  transducers  (not  visible)  are 
Ini'lde  the  end  plates  in  direct  contact  with  the  sand. 


Figure  72.  Fixture  for  Ultrasonic  Wave  Speed  Measurements  in  Sand 
Contained  In  Cylinder  Under  Axial  Load 


Some  additional  tests  of  this  type  were  performed  on  samples  with 
moisture  contents  of  3,  1C,  and  15  percent  by  weight.  At  the  highest 
forming  pressure  the  15  percent  sample  was  saturated.  The  other  samples 
were  not  saturated.  The  results  Indicated  that  increasing  the  moisture 
content  increases  the  attenuation  and  decreases  the  wave  speed,  but  the 
leading-edge  speed  results  were  again  imprecise  because  of  the  changing 
shape  of  the  transmitted  pulse. 

It  was  proposed  then  to  obtain  an  RF  pulser,  since  it  was  believed 
that  the  RF  bursts,  containing  a single  dominant  RF  frequency  could  be  used 
to  measure  group  velocity  of  the  RF  burst  in  a manner  chat  would  nut  appear 
to  depend  upon  specimen  thickness.  It  was  also  proposed  to  use  the  new 
equipment  to  study  the  effect  of  various  amounts  of  air  and  water  in  the 
three-phase  sand  medium.  In  particular  it  was  proposed  to  compere  results 
with  the  predictions  of  an  equation  derived  by  Llahov  (Reference  46)  and 
discussed  by  Cristescu  (Reference  47) 
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An  Arenberg  Ultrasonic  Laboratory  oscillator,  Model  II  (PG-6S-2~C) 
with  AOO  watts  peak  power  was  obtained.  It  was  furnished  with  three  coils 
for  Che  RF  frequency  ranges  of  4.3  to  7.5  MHz,  0.81  to  I.l  MHz,  and  0.45 
Co  0.62  MHz.  Additional  coils  can  extend  the  range  to  operate  anywhere  in 
I the  0.13  to  190  MHz  frequency  range  with  some  loss  of  power  at  Che  lower 

i frequencies. 

Figure  73  shows  a block  diagram  of  the  Arenberg  oscillator  (RF  pulser) 
connections  with  Che  Fanamecrics  unit.  The  single  pulse  from  Che  Pulsing 
Module  of  the  Panametrlcs  unit  triggers  the  Arenberg  RF  Pulser  which  then 
emits  an  RF  frequency  burst  of  variable  length  (e.g.  5 to  20  cycles  at  0.5  MHz), 
j This  input  pulse  travels  to  Che  sending  transducer  which  sends  a mechanical 

I stress  wave  burst  through  Che  sample  to  Che  receiver  and  preamplifier  and 

I then  to  Che  oscilloscope  (CRO) . The  input  pulse  is  also  attenuated  and  fed 

j directly  to  the  CRO  y-lnput  terminal  for  comparison  with  the  received  signal. 

I 

I If  the  transmitted  signal  has  Che  same  wave  form  as  Che  input  signal, 

very  precise  timing  can  be  obtained  as  follows.  After  the  attenuated  input 
signal  and  amplified  output  signal  have  been  displayed  on  the  oscilloscope 
(CRO)  using  the  internal  sweep  of  Che  CRO,  the  final  precise  measurement  is 
made  by  switching  to  a sweep  provided  by  the  variable-frequency  CW  oscillator 
of  the  Panametrlcs  system.  The  sweep  frequency  is  adjusted  so  that  Che  trans- 
mitted and  received  signals  are  made  to  overlap.  The  time  interval  between 
Che  two  signals  is  Chen  measured  by  Che  frequency  counter  of  the  Panametrlcs 
I system. 

In  actuality  the  transmitted  wave  pulse  is  modulated  by  Che  trans- 
ducers and  Che  transmission  through  Che  sand,  so  that  Che  output  resembles 
Che  received  signal  from  Che  broadband  input  (see  Figure  69)  more  than  it  i 

resembles  the  input  RF  signal,  which  has  an  essentially  square  envelope.  ( 

But  Che  oscillations  within  the  pulse  are  at  Che  frequency  of  the  RF,  and  j 

Che  overlapping  technique  can  still  be  applied,  except  at  low  testing  j 

pressures  where  there  is  excessive  distortion.  For  best  results  the  RF  ! 

j burst  should  contain  at  least  20  cycles  and  Che  overlapping  should  be  made 

I Co  coincide  at  Che  middle  of  Che  burst,  since  there  is  some  distortion  at 

the  beginning  and  at  Che  end  of  the  burst.  Because  Che  great  attenuation 
made  it  necessary  to  use  a very  short  specimen  path,  it  was  not  possible  to 
use  such  a long  pulse,  and  usually  Che  overlapping  was  performed  on  Che 
second  or  third  peak  in  Che  burst.  This  use  of  the  RF  technique  did  succeed 
in  removing  Che  apparent  dependence  of  Che  measured  wave  speed  on  the 
thickness  of  the  sample  when  Che  test  was  performed  at  axial  pressures 
above  about  0.5  MPa.  Differences  in  wave  speed  between  the  different  speci- 
mens was  within  3 percent  which  is  consioered  very  close  agreement  for  I 

different  sand  samples.  The  sand  specimen  holder  was  redesigned  so  that  ! 

the  transducers  were  not  in  direct  contact  with  the  sand  but  transmitted  the  j 

, signal  through  Che  steel  end  plates  without  themselves  being  subjected  Co 

I the  static  axial  loads.  They  could  thus  be  left  in  place  during  the  axial 

j loading  to  compact  the  sand  and  could  measure  wave  speed  at  various  times 

j during  the  loading  and  unloading. 

Figure  74  shows  a stress-strain  curve  for  a uniaxial  strain  test 
carried  out  in  the  steel  cylinder.  At  Che  points  marked  on  the  curve, 
wave  speed  mieasurcuents  were  performed,  with  the  results  shown  in  Table  12. 
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For  use  with  broad  band  pulse.  Che  T/R  Ceminal  Is  connected  directly  to  the  |i 

sending  transducer,  and  the  receiving  transducer  Is  connected  to  the  R terminal  || 

on  the  Fanametrlcs  unit  for  Internal  amplification  and  mixing  with  Che  Input  pulse.  j 

Figure  73.  Block  Diagram  of  Interconnections  Between  Arenberg  Oscillator  | 

(RF  Pulser}  and  Fanametrlcs  Unit  j 
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TABLE  12.  WAVE  SPEEDS  DURING  UNIAXIAL  STRAIN  TEST 


Polnc 


Stress 


Density  Rstlc 


Wsve  Speed 


L 

(MPa) 

P/Po 

(oi/tec) 

I Loading 

1 

3.08 

1.065 

910 

2 

6.14 

1.081 

1195 

3 

9.22 

1.097 

.1280 

4 

10.98 

1.106 

1340 

5 

13.17 

1.114 

1390 

6 

16.48 

1.128 

1470 

7 

22.17 

1.152 

1600 

Unloading 

8 

13.61 

1.150 

1420 

9 

8.78 

1.14S 

1280 

10 

6.14 

1.142 

1165 

11 

4.39 

1.140 

1070 

12 

2.19 

1.136 

960 

These  veve  speeds  are  group  velocities  of  the  RF  bursts.  They  show 
a very  strong  dependence  on  the  testing  pressure.  It  j.s  reswrfcable  how 
little  difference  was  measured  between  the  velocities  during  unloading  and 
those  during  loading,  despite  the  different  compaction  stater  and  the 
different  slopes  of  the  loading  and  unloading  curves.  It  seems  clear  that 
ultrasonic  wave  speed  measurement  will  not  be  a good  Cool  for  dete'nslnlng 
the  compaction  condition. 


For  the  last  series  of  tests  the  5 MHz  transducer  was  replaced  by 
a 1 MHz  Panametrlcs  Type  V103  transducer,  and  testing  was  again  performed 
with  bursts  of  0.5  MHz.  By  operating  nearer  the  transducer  resonance  and 
by  using  the  larger  1 MHz  transducers  with  4 times  as  much  frontal  arna  a 
greater  power  could  be  transmitted.  It  was  hoped  that  this  would  permit 
testing  at  much  lower  axial  pressures  more  like  the  ambient  pressures  In 
Che  penetration  experiments.  A signal  was  In  fact  received  at  pressures 


\ 


\ 


well  below  the  previous  minimum  testing  pressure  of  O.S  MPa.  but  the  trans- 
mitted signals  were  so  badly  distorted  that  the  pulse  overlap  technique 
j could  not  be  used.  The  oscillatlone  in  the  transmitted  pulse  appeared  to 

be  at  a frequency  about  20  percent  below  the  RF  frequency  of  the  input 

! signal.  The  reason  for  this  is  not  clear,  but  it  is  believed  to  be 

related  to  the  fact  that  at  these  low  pressures  the  phase  velocity  is  so 
low  that  the  wave  length  approaches  the  order  of  magnitude  of  the  sand 
particle  size.  Thua  the  medium  no  longer  responds  as  a continuum.  Because 
of  th«<  distortion,  only  leading-edge  wave  speeds  could  be  measured  at  the 
low  pressures  and  these  with  the  same  kind  of  errors  and  apparent  dependence 
of  the  wave  speed  on  specimen  thickness  as  were  previously  observed  with 
j the  broadband  pulses. at  all  testing  pressures. 

At  higher  testing  pressures,  however,  good  clean  RF  bursts  were 
j transmitted  by  the  1 MHz  transducers  operating  at  0.5  MHz,  and  the  group  j 

I velocities  could  be  measured  quite  accurately  by  the  overlap  technique.  j 

I The  last  series  of  tests  examined  the  variation  of  the  group  j 

I velocity  with  testing  pressure  for  pairs  of  dry  sand  specimens  all  of  about  j 

0.025  meter  thickness  with  different  initial  densities.  The  two  different  j 

initial  compaction  states  at  the  same  pressure  were  achieved  by  shaking  i 

one  of  the  two  speclmena  (by  tapping  the  side  of  the  steel  container  with 
a hammer)  to  compact  the  aind  instead  of  by  initially  compressing  it  under  1 

axial  load.  Reaults  for  three  such  pairs  of  specimens,  tested  by  loading 
to  three  different  maximum  values  of  axial  pressure  are  shown  in  Figures  | 

75  to  77.  Each  figure  thus  gives  one  curve  for  an  initially  loose  sand  | 

(solid  curve)  and  one  for  an  initially  dense  sand  teeted  over  the  same  { 

range  of  pressures.  The  so-called  dense  sand  had  an  initial  density  4 to 
7 percent  greater  than  that  for  the  initially  loose  sand.  The  additional  ! 

density  increase  during  the  test  varied  from  about  1 percent  for  the  dense  | 

sand  in  Figure  75  to  about  5 percent  for  the  loose  sand  tested  to  a higlier  I 

pressure  in  Figure  77.  The  arrows  on  each  curve  Indicate  the  direction  of  ^ 

loading  or  unloading.  Although  the  loading  and  unloading  curves  are  not  ■ 

Identical,  the  wave  speeds  at  any  testing  pressure  do  not  vary  a great  I 

deal  from  the  loading  curve  to  the  unloading  curve.  The  extreme  values  j 

from  Che  three  curves  are  Hated  in  Table  13.  The  last-point  densities  upon  j 

unloading  were  not  recorded,  but  they  are  approximately  equal  to  the 
■aximum  densities. 

Evidently  the  wave  speeds  are  much  more  dependent  on  testing  pressure 
than  on  the  compaction  state,  so  that  wave  speed  measurements  are  not  a 
good  measure  of  compaction  state. 

Becauae  of  the  difficulties  encountered  in  the  program,  time  did  not 
permit  further  testing  of  wave  speeds  and  attenuation  as  a function  of 
moisture  content.  The  Llahov  equation  (References  46,47)  predicts  significant 
differences  in  sound  wave  speeds  in  almost  saturated  sands  for  very  small 
changes  in  the  air  content.  Variations  in  tha  air  volume  fraction  from 
0.005  to  0.04  would  change  the  wave  speed  by  a factor  of  a third.  It  was 
not  poasiLle  to  attempt  any  verification  of  this  theoretical  prediction  in 
the  present  program  becauae  of  the  difficulty  in  controlling  the  air  content 
as  well  as  tha  difficulty  in  measuring  ultrasonic  velocities  at  low 
{ pressures  in  sand. 


120 


AXIAL  PRESSURE  (MPa) 

Figure  75.  R?  Wave  Burst  Wave  Speed  versus  Axial  Pressure  in 
Uniaxial  Strain  Test  to  3.5  MPa 


Uniaxial  Strain 


Figure  77.  HF  Wave  Burst  Vave  Speed  versus  Axial  Pressure  in 
Uniaxial  Strain  Test  to  10.5  MPa 
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TABU  13.  IXTREME  VALUES  OF  PRESSURE  AND  WAVE  SPEED  IN  FIGURES  75  to  77 


Density 

(kg/m^) 

Pressure 

(MPa) 

Wave  Speed 
(»/sec) 

Figura  75 

Loose  Send 

First  Point 

1638 

1.0 

875 

Test  7 

HaxlBUB 

1666 

3.5 

1140 

Last  Point 

0.5 

790 

Dense  Sand 

Flrat  Point 

1726 

1.0 

960 

Test  2 

Maximum 

1742 

3.5 

1170 

Last  Point 

0.5 

875 

Figure  76 

Looet.  Sand 

First  Point 

1573 

1.0 

735 

Teat  9 

Maximum 

1636 

7.0 

1230 

Last  Point 

0.5 

810 

Dense  Sand 

First  Point 

1677 

1.0 

890 

Test  6 

Maximum 

1723 

7.0 

1370 

Last  Point 

0.5 

810 

Figure  77 

Loose  Sand 

First  Pplnt 

1585 

0.5 

710 

Test  8 

Maximum 

1653 

10.5 

1335 

Last  Point 

0.5 

670 

Dense  Sand 

First  Point 

1644 

0.5 

835 

Test  5 

Maxlrnm 

1723 

10.5 

1500 

Last  Point 

0.5 

810 

2 


Th«  difficulty  at  the  loWfer^  preseuras  is  now  believed  to  be  caused 
by  the  fact  that  the  lower  wave  speeds  at  the  lower  confining  pressures 
lead  to  wave  lengths  of  the  order  of  magnitude  of  particle  size.  At  .low 
pressures,  wave  speeds  of  the  order  of  ZSC^n/sec  have  been  reported 
(Reference  14)  although  net  at  ultrasonic  frequencies.  The  relationship 
between  phase  velocity  c,  frequency  f . and  wave  length  X is  (Reference  48) 

c - £X  (57 


At  f <■  1 MHz,  and  c <■  1000  m/sec  (the  order  of  magnitude  of  the  group  velo- 
cities observed  in  the  present  program  under  high  presaurep)  the  wavo 
length  is  10~^  meters  while  the  sand  grain  size  is  of  the  order  of  10**^ 
to  2 X 10~^  meters.  If  at  low  pressures  a speed  of  c ■ 250  m/sec  could 
be  expected,  this  would  give  a wave  length  at  1 MHz  of  2.5  x 10~^  meters, 
about  the  same  as  the  grain  size.  If  the  same  speed  250  m/sec  prevailed 
at  lower  frequencies,  it  would  give  X ••  5 x 10~^  meters  at  0.5  MHz  end 
X “ 10“^  meters  at  0.25  MHz. 


This  suggests  that  the  high  frequencies  ate  not  suitable  for  use 
in  the  sand.  A brief  discussion  of  some  lower  frequency  testing  is  given 
in  paragraph  7.3.  The  discussion  of  Equation  (57)  applies  to  phase 
velocities,  while  the  measurements  reported  in  this  section  have  all  been 
group  velocities.  In  a dispersive  medium,  the  phase  velocity  of  a 
dilatatlonal  plane  wave  is  a function  of  wave  length,  say  c ■ c(X).  A 
wave  packet,  such  as  the  RF  bursts  of  the  experiments  described,  contains 
a spectrum  of  phase  velocities  with  a dominant  mean  phase  velocity,  say 
c^  at  Mve  length  X^.  The  packet  containing  wave  lengths  predominantly 
near  Xg  travels  at  a group  velocity  U,  which  is  related  to  by  the 
following  equation  (Reference  48) 

“ ■ 'o  - 

If  the  meuluni  ia  nondiopersive  dc/dX  > 0.  Tlien  U ■■  Cq  and  U is  Independent 
of  wave  length  and  frequency.  But  if  the  medium  Is  dispersive,  dc/dX  ^ 0, 
and  the  group  velocity  insy  differ  markedly  from  the  phase  velocity.  The 
phase  velocities  for  the  sand  are  not  Known  at  these  frequencies,  so  an 
evaluation  of  U by  Equation  (T8)  is  not  feasible.  It  was  observed  in  some 
preliminary  tests  that  the  group  velocity  of  the  RF  was  somewhat  frequency 
dependent,  but  time  and  available  equipment  did  not  permit  a determination 
of  the  frequency  dependence  over  a wide  frequency  range. 


The  pulsed  RF  measurements  can  be  used  to  determine  phase  velocity 
by  using  a specimen  of  thickness  equai.  to  one  wave  length  (Reference  .39) , 
but  this  is  not  easy  to  do  with  the  short  wave  lengths  of  the  ultrasound. 
The  technique  Is  similar  to  chat  used  with  continuous  waves.  Some  pre- 
liminary tests  with  continjous  waves  at  lower  frequencies  are  described  In 
paragraph  7.3. 


7 . 3 SOUND  WAVE  PHASE  VELOCITIES 


In  July  1976  some  preliminary  field  tests  of  low-frequency  sonic 
phase  velocities  were  performed  at  Eglin.  The  source  for  Che  sound  waves 
was  a 50-pound  dynamic  force  MB  vibration-testing  shaker  and  po  'i.'  amplifier 


I balongins  to  the  University.  A 0.1>meter-dlaneter  aluminum  plate  wks 

fabricated  at  the  University  and  mounted  on  a shaft  attached  to  the  shaker 
armature  and  extending  0.15  meter  outside  a wooden  box  containing  the 
shaker.  The  box  was  partly  burled  In  the  ground. 

The  tryout  of  the  equipment  was  conducted  Jointly  with  Che  Mines 
Branch  AFATL/DI.JN,  which  provided  geophones,  recording  equipment,  and 
spectrum  analysis.  The  setup  worked  well.  A good  strong  continuous  wave 
signal  was  obtained  at  a distance  of  3.7  meters  from  the  shaker,  even 
when  the  power  amplifier  driving  Che  shaker  was  operating  at  very  low 
power.  Higher  power  sometimes  led  to  distortion  of  Che  sine-wave  signal. 

The  technique  Involved  recording  the  signal  at  two  stations.  Frequency  ■' 
was  increased  slowly  until  the  cwo  signals  were  In  phase,  Indicating  that 
the  two  statlonc  were  one  wave  length  X apart.  The  dllaCatlonal  phase 
velocity  c Is  then  given  by  c ■ fX. 

The  preliminary  tests  indicate  some  dependence  of  wave  speed  ou 
I frequency,  varying  from  {tbouc  108  m/sec  at  59  Hz  to  170  to  180  m/scc 

' at  around  100  Hz  for  two  receiving  stations  1.85  meters  apart.  The  phase 

velocir 7 at  100  Hz  was  compaiable  to  the  speed  of  168  m/sec  determined 
from  the  leading  edge  wave  speeds  of  pulses  produced  by  hammer  blows.  Higher 
' frequency  tests  (up  to  about  19,000  Hz)  were  also  recorded  on  magnetic 

Cape  for  later  analysis  by  methods  not  requiring  the  two  signals  to  be  In 
phase.  Further  tests  of  this  type  should  be  performed.  It  seems  Co  be 
a good  method  for  low-frequency  sound-wave  speed  measurements,  although 
care  must  be  exercised  In  Interpreting  the  results,  which  may  be  affected 
by  reflections  from  the  free  surface  end/or  from  Internal  boundaries  in 
stratified  media,  especially  when  the  Cwo  geophones  are  more  than  one 
wave  length  apart. 
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SECTION  VIII 


SUMMARY  AND  CONCLUSIONS 

The  results  and  conclusions  of  each  phase  of  the  investigation 
have  been  reported  in  previous  sections.  This  final  section  suiamarizes 
them  and  indicates  where  more  detail  about  them  nay  be  found.  Section  II 
described  the  Eglin  experimental  program  and  the  various  types  of  sensors 
used  in  it  or  evaluated  for  possible  use.  The  sequential  flash  X-ray 
technique  was  Judged  to  be  Che  most  successful  method  investigated,  since 
it  not  only  gave  more  complete  and  precise  information  about  the  trajectory 
and  Che  projectile's  position  and  attitude  at  various  times  than  did  any 
other  method  but  also  gave  information  on  cavity  formation  and  separation 
points  and,  in  some  cases,  showed  a shock  wave  ahead  of  the  projectile. 

This  investigation  is  believed  to  be  Che  mcsC  extensive  use  ever  made  of 
flash  radiography  in  tecradynamlc  research.  The  magnetic  sensors  also 
provided  good  information  about  horizontal  velocity. 

The  results  of  Che  experiments  were  described  in  Section  III  and 
interpreted  in  Section  IV.  The  trajectory  plots  of  paragraph  4.2  for  the 
primary  test  program  showed  that  Che  flat-nosed  and  step-tier  projectiles 
had  followed  remarkably  straight  and  stable  horizontal  paths  through  Che 
1.2-meCers-long  teat  chamber,  although  most  of  them  exhibited  a slight  rise. 
Because  Che  paths  were  so  nearly  straight,  analysis  by  one-dimensional 
terradynamic  models  was  feasible.  A cubic  inCorpolatlon  formula  gave  a 
very  accurate  representation  of  the  horizontal  position-time  data,  and  of 
Che  velocity  near  Che  middle  of  the  Interval.  A classical  Poncelet  force- 
law  penetration  model,  discussed  in  paragraph  4.3.2,  gave  an  excellent 
account  of  the  observed  parts  of  Che  trajectories  in  dry  sand,  with  a drag 
coefficient  essentially  independent  of  the  striking  velocli  in  the  range 
of  velocities  observed.  In  saturated  sand,  each  shot  could  be  fitted  by 
the  Poncelet  model,  but  the  drag  coefficient  appeared  to  depend  on  the 
striking  velocity,  which  showed  that  the  Poncelet  model  does  not  really 
apply. 


Drag  coefficient  variation  along  the  trajectory  was  exhibited  in 
paragraph  4.6.  Although  the  velocity  calculations  of  that  section,  each 
based  on  average  velocity  between  only  two  stations,  tend  tu  magnify  an 
error  at  one  of  the  stations,  they  do  show  a trend  of  variation  along  the 
path,  more  pronounced  in  the  wet  sand  cases  than  In  the  dr<r.  The  rlasaical 
Poncelet  force  law  gave  more  consiutent  results  tha.i  a modification  of  the 
Sandia  empirical  method.  In  all  of  the  analyses  of  Section  IV,  force  law 
coefficients  were  determined  to  fit  observed  penetration  data,  and  the 
success  of  a model  was  Judged  on  the  basis  of  agreement  between  the  co- 
efficient values  fitted  to  the  different  shots. 

The  cavity-expansion  penetration  model  of  Section  V,  on  the  other 
hand,  attempts  to  predict  the  penetration  behavior  from  statically  measured 
soil  properties.  Despite  the  rather  strong  assumptions  involved  in  this 
simple  analytical  model,  it  gave  very  good  results  In  predicting  the  behavior 
for  two  flat-nosed  projectiles  in  dry  nsnd.  It  was  neceusary  to  assume  a 
shape  for  the  false  nose  of  sand  carried  along  by  the  fiat-nosed  projectile. 
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I An  assumed  hemispherical  nose  or  a conical,  nose  with  length-to-dlameter 

I ratio  of  0.4  to  0.5  led  to  very  close  agreement  between  the  predicted 

and  observed  position-time  an«'  velocity-position  curves,  even  for  shots 
in  a velocity  range  higher  than  the  range  for  which  previous  Investi- 
gations had  validated  the  method.  The  success  of  this  model  suggests 
that  It  should  be  considered  further,  possibly  for  oblique  Impacts. 

A three-dimensional  trajectory  analysis  based  on  an  assumed 
three-dimensional  differential  force  law  was  presented  In  Section  VI. 

The  procedure  was  carried  through  for  a case  of  a straight  trajectory 
with  a drag  coefficient  varying  with  velocity  according  to  a power  law, 
j with  reasonable  results.  It  could  be  applied  to  a trajectory  with  an 

angle  of  attack  or  an  oblique  Impact  if  suitable  force  coefficients  could 
‘ *'“■  determined  or  estimated. 

I faction  VII  reported  on  an  independent  Investigation  of  ultra- 

i sonic  wave  speeda  as  a function  of  sand  compaction  and  testing  pressure.' 

* Several  difficulties  were  encountered  In  the  Investigation.  Pulse  shape 

[ changes  made  it  Impossible  to  establish  single  broadband  pulse  propagation 

I speeds  that  were  Independent  of  path  length.  This  difficulty  was  overcome 

I by  ualng  RF  bursts  Instead  of  single  pulses.  Group  velocities  measured 

; for  these  bursts  gave  (with  an  RF  frequency  of  0.5  MHz)  consistent  results 

\ for  ambient  testing  pressures  greater  than  about  0.5  MPa.  but  at  Imrer 

‘ pressures  the  signals  were  too  badly  distorted  to  give  consistent  results. 

' This  Is  believed  to  he  a result  of  the  fact  that  the  lover  pressures  lead 

[ to  lower  wave  speeds  and  a vave  length  of  the  order  of  sand  grain  dimensions, 

f It  is  recommended  that  in  further  studies  of  sound  wave  speeds  in  sand 

» attention  be  concentrated  on  lower  frequencies.  The  group  velocities  showed 

I a greater  dependence  on  the  testing  pressure  than  on  the  compaction  state. 
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APPHHDIX  A 


DATA  FROM  EGLZN  PENETRATIOH  EXPERIMENTS 


This  appendix  tabulates  data  from  7'i  shots  of  the  Eglln  cxperlmaatal 
program,  using  one  page  for  each  shot,  and  listed  in  order  by  Shot  Kunbere. 
Descriptions  of  the  various  kinds  of  entries  In  the  tables,  both  of  experi- 
mentally measured  data  and  of  several  kinds  of  Information  calculated  In  the 
data  analysis,  are  given  in  paragraph  3,  Further  explanations  of  some  of 
the  calculated  data  groups  may  be  found  In  paragraphs  3.3  and  4.4. 


SHOT  14  < 1C  MARCH  1076*  NO*  3 ) 


sand:  oavt  OcNSITY  liwa.  KG/Msesi  approaching  VEtOCITV 
PROdecTIUC:  SOCIO  PCaT  N0»E  MASS:0*S4S1  KG»  0>G*02  m» 


;;  420.  m/s 
L>0»22S  M 


X-RAV  station  NO* I 

TIME  (ScCONO)  *000/24 

CENTER  OP  gravity  POSITION  (Ml 

-C*0dl 

VEHTICAL  ******  0*127 

INCLINATION  ANGlEIUEGI*  0*P 
SEPARATION  ANCLLI  OEGRLE  1 

AliOVE  e««« 

MELOS  ••*••**••••••*• 

NOSE  elOTH  (M  ON  PlLMl*  0*0250 
NOSE  POSITION  (Ml 

HCRI20NTAL  0*0^2 

VERTICAL *******  0*127 

INPUT  NOSE  POSITION  (Ml 

HCHI20NTAL  **********  0*0Jw 

VERTICAL  *****  -0*U9o 


NO*  2 

NO*  3 

NO*4 

NO*  5 

•oOl 204 

*003401 

*005621 

•009161 

0*109 
0*1  J2 

18*515 

18*232 

18*520 

16*232 

0*90C 

0*167 

UO 

aaaaa 

-6*5 

ease 

ease 

0*0230 

aaaa 

aaaa 

aaaa 

aaaa 

aaaa 

aaaa 

0*0230 

0*222 

0*134 

18*535 

18*121 

16*839 

18*121 

1*013 
U*  154 

0 *221 
*Ub3 

«ee»e* 

aaaaaa 

0*993 
-0*0  60 

&HOT  I ft 


( IW  l«7ftt  NO*  4 I 


SANOl  DRV*  0fc;NSITV;ift3«*  K6/M««Jt  API>ROACHIN<i  VELOCITY:  209*  M/S 
projectile:  SOLIO  plat  muse  MASS:C«*54SJ  kg*  0«0*02  M*  L*d*229  M 


X-RAY  STATION  NO*  1 

TIME  ISECONOI  *000202 

CENTER  OP  GRAVITY  POSITION  tM) 
HCR120NTAL  **•••*••*•  -0*004 
VERTICAL  0«tI9 

INCLINATION  ANGLEIDLO*  0*ft 
SEPARATI ON  ANGLE! OESREE ) 

AftOVE  *•***••••**•*••  4*4* 

BELUM  a**************  4**4 

NOSE  410TH  IM  ON  PiLMI*  6*024ft 
NOSE  POSITION  (m: 

HORIZONTAL  •••••*•*••  V*02V 

vertical  0«l2b 

INPUT  NOSE  POSITION  (M) 

HORIZONTAL  ••«••*•**•  0..W27 

VERTICAL  -0*09$ 


NO*/ 

NO*  3 

N0*4 

NO*S 

*001273 

*003323 

*005932 

*009099 

0*361 

ia.620 

19*125 

0*124 

0*130 

ia*232 

1B*232 

o*s 

0*0 

4*4*4 

**** 

4**4 

4*4* 

*4*4 

*4*4 

44*4 

*44* 

4*44 

C*022b 

0*022ft 

4*4*4  . 

0*171 

0 *474 

is*a3« 

19* 144 

0*125 

0*  1 30 

ia*i2i 

16*121 

V • 1 64 

w *467 

«444** 

44*444 

-0*093 

-o*oaa 

*444»4 

*4444* 

\ 

&hwT  46  ( 11  march*  |076«  NO*  I I 


SANoi  DAY*  Density: ibja*  Ko/N*«3i  approaching  vecociTvt  atz*  n/s 

PKOJLCTU.b:  SULIO  1-LAY  NCak:  MA5S:U*S«61  KG*  0«0*0;2  M«  L>a*22S  M 


X>AAY  SYATION  * 

NO*  I 

NO.  2 

NO*  3 

N0*4 

NO.e 

TIME  (SECOND)  •000170 

CENTER  UP  GRAVITY  PCSITlUN  (M) 

•000090 

•003034 

•oosaoG 

HCNIZONTAL  

■”0  • OBb 

b*057 

0*403 

0.74B 

10*125 

VERTICAL  

0*  126 

0*120 

0*132 

0*1S3 

10.232 

INCLINATION  ANGLE(OEG)* 

2*0 

1*0 

5*0 

7.0 

ScPAHATION  ANGLc( DEGREE  1 

ABOVE  •••••••••«••••• 

**w« 

««6* 

7*0 

*646 

4**4 

BELOV  ••••«•••••••••• 

2*0 

#»•* 

NOSE  VIOTH  (M  ON  FILM)* 

0*0250 

G.02JG 

0*0240 

0*0250 

*«*«*« 

NOSE  POSITION  (M) 

HCK120NTAL  •••••••••• 

0*020 

0*170 

O.SIS 

0*B60 

19* I 44 

VERTICAL  

C*12A 

0.130 

0*142 

0*167 

16.121 

INPUT  NOSE  POSITION  (Ml 

HCRI20NTAL  •*•••••••• 

0*C2tt 

u • 1 

0.S12 

0*566 

VERTICAL  •••••••••••• 

-0*U9« 

•J .067 

•0.072 

-0*040 
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&HOT  17 


( II  MAHCH.  t«70«  MO*  2 t 


SANC:  OAV*  DuNSlTV:  a S3A 
PRO^tCTlLe:  iOLlD  t-CAT 


• KC/N«»;«a  APPROACHING  vetOCITVI 
NOSe  MASS£U*5Abl  KG*  0«0*02  M*  Li 


X-RAY  STATION 


TIME  (SECOND)  •«•••••*. 
center  of  GRAVITV  POSIT 

horizontal  

VERTICAL  

INCLINATION  ANGLEIUEG). 
SEPARATION  ANGLE! UEGfcEE 

AMOVE  

6EL0«  

NOSE  «10TH  CM  ON  FILM)* 
NOSE  POSITION  CMI 

HORIZONTAL  

VERTICAL  

INPUT  ItOSE  POSITION  (Ml 
HCRIZONTAL  •*•••••••• 

vertical  


NQ.l 

NU.2 

N0.3 

N0.4 

N0.6 

•U00217 
ION  IM) 

.001307 

•003S40 

•006220 

•00914 

-0.071 

0.140 

0.4S6 

0 .816 

1 .092 

0.  12C 

0.128 

0.1  3S 

0.143 

0*162 

1.6 

2.3 

4.0 

9.0 

ID 

• 

«4*« 

4.0 

5.0 

9*0 

9*5 

0**9 

2.6 

1.8 

1*0 

1 •• 

0.0240 

0.0230 

0.0230 

0*0230 

0*  02 <J 

0.042 

U.2S2 

0.S99 

0*928 

1*202 

0.123 

0.132 

0.143 

0.161 

0*187 

0.043 

w .256 

0.609 

0.94  I 

1*211 

-0.095 

-O.CBS 

-0.072 

-0.062 

-0*022 

NOSE  VEL*  V-COMP*  (M/S):  7*  6*  6.>  7*  12* 

COEFFICIENTS  OF  CUEIC  PULVNOMlAL/STANOARO  DEVIATION 

0*122UE  00  U*77S6E  01  -0*6«30E  U3  0*6267E  05  / 0*0013  (M) 

NOSE  VEL*  X-COMP*  (M/Sil  2C1*  178*  139*  106*  86* 

COEFFICIENTS  OF  CUBIC  PULYNOMI AL/STaNOARO  DEVIATION 
-0*4578E-03  0*2GS4E  03  -0*)I16E  OS  0*33771:  OS  / 0*0043  (M) 


NOSE  VEL*  OIRECTIONIDEG) 


ABOVE 

BELOW 


2*  1 

RELATIVE 

2*  1 
TO 

2*3  3*8 

NOSE  velocity 

7*8 

**** 

3*8 

3*3 

3*6 

4*8 

**** 

2*7 

3*5 

6*2 

5*  7 

S* 

S'. 

3. 

4* 

10* 

C*G.  VEL*  V-COMP*  <M/Sl:  S*  So  3*  4*  10* 

COEFFICIENTS  OF  CUBIC  POLYNOMIAl /STANDARD  DEVIATION 

0*11BSE  00  0.84S7E  01  -0*1420£  04  9*11 17E  06  / 0*0002  (M) 

C*G«  VEL»  X-COMP.  (M/Si:  200*  178.  13<9»  106*  86* 

COEFFICIENTS  OF  CUBIC  PULYNOMI Ai /STANDARD  DEVIATION 
-0.1133E  00  0*2061E  03  -0.1108E  06  0.3338E  00*  / 0*0045  (M) 

PONCELET  drag  COEFF*  1*644 
VO  m 139.  stand*  OEVIA*  « 0*0087  CM) 

C*G.  VEL.  X-COMP.  (N/S):  210.  180.  139.  109.  A9. 
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SHUT  td 


C kl  HARCHt  1976*  NO.  3 } 


SANC:  DRV.  OtNSiTV: 1 SJ8.  KG/M«*3i  APPROACHING  VgLOClTV:  213.  M/S 


projectile:  solid  flat 

NUSE  mass: 0.5451 

KGt  D>0 

.02  M.  L 

■0.225  M 

X-RAY  STATION  

NO.l 

NO. 2 

NO.  3 

NO. 4 

NO.S 

TIME  (SECOND)  

center  of  GRAVITY  PLSIT 

.009224 
ION  !M) 

.001304 

.003401 

.0059.70 

•009161 

HCRI2UNTAL  

-0.073 

0.136 

0.462 

0.776 

1.065 

VERTICAL  

0.120 

tt.126 

0.133 

0.143 

0.159 

INCLINATION  ANGLE(UEG). 
SF.PARATIUN  angle!  DEGREE 

1.6 

) 

2.0 

4«6 

7.4 

5.5 

ABOVE 

• «*« 

5.5 

5.0 

6.5 

9.5 

BELOV  

9.9 

4.0 

1.4 

1.0 

1.0 

NOSE  atOTH  (M  ON  FILM). 

0.0255 

0.0245 

0.0230 

0.0240 

0.02SS 

NOSE  POSITION  !M) 

HORIZONTAL  

0.040 

0.249 

0.575 

U.690 

1.177 

VERTICAL  

0.  124 

0.132 

0.142 

0.157 

0.175 

INPUT  NOSE  PUSITIUN  !M) 

HCRIZONTAL  .......... 

0.041 

0 .252 

0 .661 

3.901 

1.166 

VERTICAL  ............ 

-0.095 

-O.U65 

-0.073 

-0.054 

-c.;>2e 

NOSE  VEL.  Y-COMI’.  ! M/S ) 

: 7. 

7. 

6* 

5. 

r. 

COEFFICIENTS  OF  CUtolC  POLVNUMiAL/STANO ARO  DEVIATION 

U.I217E  00  0.74«S6E  01  -G.AS20E  03  o.27a7E  OS  / 0.0014  IM) 

NJSE  VEL.  X-COMP.  iM/Si:  200.  178.  140.  105.  78. 

COEFFICIENTS  OF  CUBIC  POLVNQMI AC/STANOARO  DEVIATION 
-U . 460 1 E- 02  0.2CS1E  03  -0.1114E  05  0.3059C  06  / 0.0044  CM! 


NOSE  Veu.  OIRECTIONIOCGI  2.1  2*1  2.3  2.9  4^8 

SEPARATION  ANGLE! DEGREE  It  RELATIVE  TO  NOSE  VELOCITY 


ABOVE  •> 

**«* 

6.6 

2.7 

2.0 

5.S 

BELOW  •• 

9.4 

3.9 

3.7 

5.5 

4.7 

C.G.  VEL. 

Y-COMP.  !M/S): 

7. 

5. 

39 

3. 

8. 

COEFFICIENTS  OF  CUBIC  POLVNOMI AL/STANOARO  DEVIATION 

J.1169E 

Od  0.6934E  0 1 

-0.9250E 

03 

U.7026E  OS 

/ 0.0019 

!M) 

C.G.  VEL. 

X-COMP.  !M/Sl: 

200  . 

17B. 

140. 

105. 

78. 

COEFFICIENTS  OF  CUBIC  POLVNOMI aL/STaNOARO  DEVIATION 
-0.1I6SC  00  0.2«4SCE  03  -0.1107E  05  0.3011E  06  / 0.0045  (M) 

PONCELET  drag  COEFF.  > 1.624 
VO  200.  STAND.  OEVlA.  • 0.0129  <M) 

CoG.  VEL.  X-COMP.  <M/Sl:  290.  173.  137.  109.  07. 
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SHOT  t«  ( tl  march.  1976*  NO*  4 » 


SANO:  DRY*  DENSITY : 1 9;ia*  Ka/M*«Jt  APt^ROACHlNG  VELOCtTyj  2tl*  M/S 

projectile:  solid  flat  nose  MASS:o*S459  KC*  0>0*C2  M.  L»C*22S  m 


X-RAY  STATION  •*•••*•*• 

SO*l 

NO*/ 

NO. 3 

NO  *4 

NO  *9 

TIME  ISECONOI  •*••••*•*  *000202 
CENTER  OF  GRAVITY  POSITION  (Ml 

•001273 

•003323 

•009932 

•009099 

HCR120NTAL  

-O.06B 

0*  141 

0*464 

0*703 

1*072 

VERTICAL ***** 

0*121 

0*126 

0*1 36 

0*191 

0*183 

INCLINATION  ANGLEIuEGI. 

2*0 

3*3 

7*0 

12*0 

16*9 

SEPARATION  ANGLEIUEGREE 1 

ABOVE  

4*0 

9*0 

6*9 

11*0 

1 1*C 

BELOW  *************** 

4*0 

2*9 

1*0 

0*9 

0*9 

NOSE  width  (M  ON  FlwMI* 

C *0243 

0*0229 

0*9229 

0*0220 

0*0229 

NOSE  POSITION  (Ml 

HORIZONTAL  * 

0*049 

0*294 

0*677 

0*893 

1*180 

VERTICAL  

o*  129 

0*134 

0*190 

0*174 

0*219 

INPUT  NOSS  POSITION  (Ml 

HCKlZONTAL  ********** 

U«047 

0*297 

0*982 

0*899 

1*  les 

VERTICAL  

-0*093 

-0*083 

-0.069 

-0*039 

0*008 

NOSE  VEL*  Y-COMP*  (H/S): 

9* 

8* 

8* 

10* 

16. 

CUEFFlClENTS  OF  CUbIC  FOLVNOMt AR/STANOARO  DEVIATION 

0.1232C  tfO  0.66A8E  01  -0«JO«OE  OJ  0*6144E  OS  / O.OOOS  INI 

NOSE  VEL*  X>COMP*  I M/SI : P06*  18u.  14C*  104*  82* 

COEFFICIENTS  OF  CUUIC  POL /NUMl AL/STANOARO  DEVIATION 

0*4496E'02  0«2oV7c  OJ  -0.1249E  OS  0*J988E  06  / 0*0030  IMi 


NOSE  VEL*  OIRECTIONIDCO)  2*4  2*6  3*4  S*7  11*0 

separation  ANGCE  (DECREE  I*  RELATIVE  TU  NOSE  VELOCITY 

A60VE  * 4*4  4*J  2*9  4o7  5*5 

BELOW 3*6  3*2  4*6  6*8  6*0 


, C«0*  VEL*  Y-COMP*  IM/Si:  6*  5*  8*  7*  14* 

coefficients  OF  CUBIC  polynomial/stanoaro  deviation 
I U*I197C  00  0.6648E  01  -9*7«»60E  03  0*8547E  09  / 0*0007  (Ml 

{ C«G*  VEL.  X>COMP,  (M/Sl:  2(*S«  180*  lAO*  104*  82* 

I coefficients  of  cubic  polynomial/standaro  deviation 

•U.108AE  go  0*2Uy6E  03  -0.1236E  09  t**3930E  06  / 0*0029  (Ml 

PONCELET  DRAG  CDEFF . « 1.694 
VO  ■ 209*  STAND*  DEVIA*  * 0*0098  (Ml 
C*G*  VEL*  Y-COMP*  (M/Si:  209.  176*  138*  109*  87* 


&HOT 


( &t  k4if*CH.  197e«  NO*  » > 


SANC:  CHV*  OENSiTv:  1 Ji3d*  KG/M»«3;  APK^HOACHING  VELOCITY:  340»  M/S 
PKCjLCIILb:  SOLib  F^LAl  NUSb  MASSIb.SASl  KG*  0'C*V2  M«  L«0*22S  M 


X-HAV  STATION 
TIMP  1 1 

no*/. 

.U0R832 

N0«3 

A nn  9 1 A >1 

NO. 4 

.003795 

N0*5 

•065807 

CENTER  OF  GRAVITY 

HOSITIUN  (M) 

HCRI20NTAL  *.*• 

0*  I2o 

0 *444 

0.753 

a >054 

VERTICAL  

•**c*.  0*1 25 

6*131 

0*133 

0*144 

Ct  144 

INCLINATION  ANGLE(UEG).  O.L 

Separation  angle (ullree) 

o.e  ' 

c.c 

“1*7 

-2.3 

ABUVc  

6*0 

4 • 

2*5 

2*5 

B&LOM 

7.4 

6.7 

7*0 

6*0 

NOSE  WIDTH  (M  ON 
NOSE  POSITION  (M) 

F4LM)*  C«Oe40 

0.022» 

0*0225 

6*0225 

0.C220 

Hf.M  1 Ai  A * A lA 

6.239 
0*  132 

0*557 

0*138 

0«S66 

A • 141^7 

VERTICAL  »••**• 

0*140 

0*140 

INPUT  NOSF.  POSITION  (M) 

HCR120NTAL  •••• 

0o246 

0*566 

0*870 

1*169 

VERTICAL  ••••*• 

^0  tt  0 

-0  *079 

**0«0T6 

-0.0Y7 

NOSE  VEL*  Y-C.CMP* 

( M/S ) : j 1 « 

S • 

3* 

^0* 

1* 

COEFFICIENTS  OF  CUBIC  PCLVNOM* AL/STANOaRO  DEVIATION 

U*I2J7E  00  w.lIEEE  02  •'C.27I2E  W4  C.2035E  06  / 6*0010  CM> 

^•USE  VEL.  X-COMP*  (M/S):  3i>3«  274*  21S*  16S*  tA(. 

COEFFICIENTS  OF  CUBIC  PULYNUMl AL/STaNOARO  OEVIATION 
-w*6ua7£-02  0*U2O<>£  03  -0«30ltE  tS  C*I678E  07  / 0*0003  (N) 


NUSE  VEL*  OIRSCT  lONiUEG)  2*0  1*6  0*6  *0»0  0*.'l 

SEPAMATICIN  ANGLE  (UEGMEE  il  * HELATIVE  TO  NOSE  VELOCITY 

ABOVE  ****  6*8  5*4  4*2  5*1 

BELOV  •*«**  6*6  4*9  5*3  . 4*2 


C.G.  VEL*  Y-CQMP*  (M/S):  8*  7*  S*  2*  »l  • 

CUErFIClENTS  OF  CUBIC  POLYNOMIAL/STANDARD  DEVIATION 

0*(23«e£  00  0*846«E  01  -0««08oE  03  0*9984£  04  / 6*0006  (M) 

C*G*  VEL.  X-COMP*  (M/S):  313*  274*  215*  165*  I4I* 

COEFFICIENTS  OF  COHIC  POLYNUMIAL/STANOARD  OEVIATION 
-0*12I(E  OL  U*32w6E  03  >C*3010E  05  0*168CE  07  / 0*0012  (M) 

PONCELET  drag  CUEFF.  « 1*769 
VO  « 215*  STAND*  OEVIA*  « 0*0036  (M) 

C*G*  VCL.I  X-COMP.  (W/S):  325*  276*  218*  168*  133* 


139 


SHUT 


( II  MARCH*  I97'6«  NO.  7 I 


SANC:  DRY.  Density: 1538.  KG/M*«3i  approaching  VeCOClTV:  328.  M/s 
PRQJ&CTILE:  solid  eCAT  nose  MASSIO.SASI  kg.  0«0.02  H.  L>C.22S  m 


X-Ray  station  

NO.  1 

NO.  2 

F 0.3 

N0.4 

NO. 5 

TIME  (SECOND)  .G0016S 

center  of  gravity  position  (Ml 

•000697 

.002100 

.003655 

.0CS820 

HCR120NTAL  

— w .U  75 

0.129 

0.442 

0.693 

1.049 

VERTICAL  

0.123 

0.1  Jo 

0 . 1 3» 

0.139 

0.162 

inclination  ANCLECDEG). 

1 .6 

2.6 

4.0 

7.0 

9.0 

SEPAHATION  ANGLE ( DEGREE ) 

ABOVE  

«««« 

6*  0 

7.0 

10.0 

1 1.0 

BELOat  o ... 

«w»« 

3.0 

3.0 

2.0 

1.5 

NOSE  MlUTH  (M  CN  FILM). 

0.0260 

0 * 

0.0235 

0.024C 

0.U23U 

NOSE  POSIT  1U«>I  (M) 

MCR120NTAL 

0.03S 

0.242 

0 .565 

0.805 

1.160 

VERTICAL  

u.  126 

0.1  36 

0.143 

0.152 

0.169 

INPUT  NUSE  POSITION  (M) 

HORIZONTAL  

0.038 

0.244 

0.669 

0.799 

1.163 

VERTICAL  

-U.091 

-0.072 

-0.U6U 

-0  .042 

NOSE  VEL.  Y-COMP.  (H/3): 

13. 

10. 

6. 

5. 

14. 

COEFFICIENTS  OF  CUO  1C  POLYUOMl AL/STANO AMD  DEVIATION 

U.1247E  00  0.1428E  02  -C.3347E  04  0.3809E  06  / 0.0021  I Ml 

NOSE  VEL.  X-COMP.  1 M/S ) : 372.  300.  167.  137.  259. 

COEFFICIENTS  OF  CUolC  POLYNUMl Ac/STANOARO  DEVIATION 


'-0.1326E-01  C.3953IL  03 

-C.7022C 

CS 

0.7393E 

U7  / 0.1/202 

(x.) 

NOSE  VEL.  OIRECTION(OEC) 
SEPARATION  ANGLE! DEGREE ). 

2.0 

RELATIVE 

1.9 

TO 

1.7 

NOSE  VEL 

2.3 

OCITY 

3.  1 

ABOVE  ••••••••••••«•• 

««*« 

5.4 

4.7 

5.3 

5.  1 

BELUM  

*«*4 

3.6 

5.3 

6.7 

7.4 

C.G.  VEL.  Y-COMP.  (M/S)l 

12. 

8. 

2. 

3. 

13. 

COEFFICIENTS  OF  CUBIC  POLVNOMI AL/STANOARO  DEVIATION 

0.I21SE  00  0.13U4E  02  *0.4u45E  04  0.4636E  06  / 0.0013  (M) 

C.G.  VEL.  X-COMP.  (M/Si:  372.  300.  167.  137.  259. 

COEFFICIENTS  OF  CUBIC  POLYNUMI AL/STANOARU  DEVIATION 
-0.12S2E  OC  0.J9S1C  03  -0.7611E  06  U.7381E  07  / 0.0202  IM) 

PONCELET  DRAG  COEFF . « 2.498 
VO  = 372.  stand.  DEVlA.  » 0.0603  IMl 
C.G.  VEL.  X-COHP.  (M/ti:  372.  304. 


202. 
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1 12 


S>HO  T H2 


«>HUT  < li  march*  t976*  NO*  0 ) 

SANO:  OHVt  OeNStTV : ISAB*  aRPRuACHING  VELOCITY:  3£a*  M/S 

PKUJECriLC:  ^OLIU  FLAT  NOSE  MASS:C*S4S1  KG*  O»G*02  M*  L»0*22S  M 


r 

A-N AY  station  

NO*  1 

N0*2 

N0*3 

NO. 4 

NOeS 

TIME  (SECOND)  ••••••«*• 

oOUOIeA  • 

OOOBoS 

•002lbS 

•003777 

*005769 

CENTER  OF  GRAVITY  POSITION  (M) 

■ 

HCHI2UNTAL  

•0*971 

0*133 

C • 444 

0*766 

1*057 

; 

vertical  

0*121 

0*130 

0*136 

0*143 

0*145 

• 

INCLINATION  ANGlE(UEG)* 
SEPARATION  ANGLE!  Os. GREE  > 

2u0 

1*5 

2*2 

3*7 

6*8 

i 

AbCVE  

• «w« 

6*9 

S 

5*5 

9*0 

BELOW  

***0 

5*0 

2*5 

2*0 

1*5 

r 

NOSE  WIDTH  (M  ON  FILM)* 
NOSE  POSITION  (N) 

0*02SU  C 

• 0230 

0.9230 

0*0235 

0*0240 



0*042 

0*246 

0.557 

0*679 

1*170 

VERTICAL  ••*««*•*•••• 

INPLT  NOSE  r>OSllsON  (M) 

0*  12S 

6*1 

0*141 

0*150 

0 .157 

\ 

HCRIaUNTmL  * 

0 *043 

C*248 

0*561 

0*666 

1*175 

V 

vertical  

-b*092  - 

0 *004 

-0*075 

-0*C63 

-C*0S4 

NOSE  VEL*  Y-CQMP*  (M/S): 

to* 

d* 

6« 

4* 

3* 

! 

COEFFICIENTS  OF  CUBIC  POLYNOMI AL/STANDaRD  OEVImTION 

J*12«6£  00  OalObSE  02 

-0*lO69E 

04  0* 

S402E  05 

/ 0*001 

3 (M) 

NOSE  VEL*  X-COMP.  (M/S): 

309* 

274. 

216* 

I65.< 

131* 

COEFFICIENTS  OF  CUBIC  POLYNOMI Al/STANOARO  DEVIATION 

• 

C*A090£-U2  0*SISSE  bJ 

-0*2726E 

05  0* 

130SE  07 

/ 0.0(;S3  (M) 

t 

NOSE  VEL*  OIRECTlC'  ;OEG) 

i*a 

1*5 

1*6 

1*5 

1*3  ‘ 

A 

S- 

separation  ANGLEIUlOREE I 

* relative  to  nose  velocity 

» 

ABOVE  •**• 

4«*« 

6*3 

3*9 

3*3 

3*0  1 

**«« 

4.7 

3*1 

4*2 

6*7  1 

C*G*  VcL*  Y-COMP*  (M/S): 

11* 

9* 

5* 

2* 

0 • 

COEFFICIENTS  OF  CUBIC  POLYNOMI  AL/ST>.NOaRP  LEVIaTTON 

b*l206E  90  C«I1S3E  02 

-0*192 4E 

04  0* 

1119E  06 

/ 0*0016  CM)  i 

\ 

C*C*  VEL*  X-COMP*  (M/Si: 

309* 

274* 

216* 

166. 

132* 

\ 

COEFFICIENTS  OF  CUBIC  POLYNOMI AL/STANOARO  DEVIATION 

'■ 

-9.I079E  00  C*3ISAE  03 

-0*272JE 

1/5  0* 

1309E  07 

/ O.OOSS  <M)  1 

PONCELET  DRAG  COEFF*  « 1 

*723 

\ 

VO  3 ^18*  STAND*  CEVIA* 

* C •C*  1 

(M) 

1 

C*G*  VEL*  X-COMP*  (M/Sl: 

32B>  279* 

215* 

171* 

135* 

J... 


lA* 


1 


/ 


&HOT  2« 


( 12  MAI^CM*  i976«  NO.  t ) 


SANO:  DRV.  OL'NSI  'v:i6Ja.  KG/M**3J  APPROACHING  VELOCITY:  32T.  N/IS 
projectile:  i.OI.;b  flat  nose  NASS:0«b4«J  kg.  0«C.02  M«  L«0.22S  m 


X-RAV  station  

TIME  ( SECOND  1 

NO*  1 
•000I3C 

NO.  2 
*000636 

NO*  3 
• 00201  9 

NO.  4 
.003616 

NL.S 

•C0S696 

CENTER  OF  GRAVITY  PCSIT 

(ON  (Mi 

HCNI20NTAL  

-0*069 

w*l  IS 

0.402 

0*710 

1>  024 

VERTICAL  

C • i 

0*130 

b.cl3S 

0*139 

C.  I4& 

INCLINATCUN  ANGIEaOEGI. 

2*0 

2.$ 

4*0 

S*C 

separation  ANGLe-.i  Degree 

1 

ABOVE  

*44« 

»*0 

S.O 

5.0 

S • A. 

BELOW 

44«4 

4*0 

3.0 

2.S 

1* 

NOSE  WIDTH  (M  ON  FILMI. 
NOSE  POSITION  (HI 

0*0  2^C 

0*0223 

C.0223 

C.C220 

0.0220 

HCRI20NTAL  *•••••**.• 

0*U24 

0*226 

0.615 

0*623 

1*13? 

VERTICAL  

INPUT  NOSE  POSITION  (Ml 

0*126 

0*134 

C • 1 40 

C.147 

0.154 

horizontal  

0*021 

0*226 

0.513 

0*621 

1.136 

VERTICAL  * .**•* 

-0*091 

—0  *063 

-0.077 

-0*069 

-3.061 

NOSE  VEL*  T-COMP.  (M/SI 

: 10* 

6. 

S* 

3* 

S* 

COEFFICIENTS  OF  CUBIC  POLVNOMIAL/STAND ARO  DEVIATION 

0.I2S6E  (to  O.IW46E  OJ  -0.IB41E  04  L.iS67E  00  / O.OCIS  (Ml 


NOSE  VEL.  X-COMP.  I A/SI : ;7.  27C.  219.  170. 

CUEPFICIENTS  OF  CUBIC  PO^VNUMl AL/STANDARD  DEVIATION 


140. 


-0*i628E 

-01  0.3142E  03 

-0.2B16E 

05 

b.lSOSE 

07 

/ 0*0016 

(Ml 

NOSE  VEL* 

OlHECTlUNlDEGI 

1 *9 

1*6 

1*3 

1*1 

1.9 

separation  ANGLE! degree  I. 

RSLATl VE 

TO 

NOSF  VELOCITY 

ABOVE  * 

4*6 

3*8 

.2*  1 

1*9 

BELOW  • 

«**« 

4*4 

4*2 

5.4 

4*6 

C*L*  VEL* 

V-COMP*  (M/S): 

6 • 

5. 

3* 

2* 

3* 

COEFFICIENTS  OF  CUBIC  POLYNOMI AL/STANOaRD  DEVlATlOtT 

0.12S8C 

00  O.S9t<2E  01 

-0.8S90E 

U3 

0.7040E 

05 

/ 0*0002 

(Ml 

C'**  VEL* 

X-COMP*  (M/3i: 

30  7*  270. 

219* 

170* 

140* 

COEFFICIENTS  OF  CUBIC  POLYNOMl AL/STANOAAD  DEVIATION 
'O.IEV.TE  00  0.3142E  U3  -0.2BI41  0S>  O.I500E  07  / O.OCIO  (Ml 


PONCELET  DRAG  CO^FF.  « 1.724 
VO  » 219.  STANJ.  LEVIA.  « 0.0C48  (Ml 
C.6.  VCLc  X>C^MP.  (M/Si:  320.  273. 


219. 


173. 


13$. 


RECORDED  TIME  OF  MAXIMUM/MINIMUM  COIL  VOLTAGE  (SI 
MAX  •OOUi2«  «U03S29  .i»00$4ia 

MIN  .00.712  .CU277I  *00467$  *006904 

COMPUTED  NOSE  POSITION  AT  iXAX/MlN  COIL  VOLTAGE  (Ml 
AT  MAX  0*922  0*494  0*606  1*099 

AT  MIN  0.194  0*670  0.971  £*306 

RECORDED  COIL  POSITION  |M| 

0.0  0*466  0*776  1*076 

DIFFERENCE  6ETWEF.N  COIL  AND  NOSE  aT  MAX/MlN  VCLTaGE  (Ml 
AT  MAX  0.022  0.008  0*')3u  0*023 

AT  MIN  0*194  0*164  Oo21J  0*230 


; V 
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SHUT 


i MAf)C.Ht  l«76*  »tO*  S ) 


r 

k' 


f 


1 

f 

i 

f 

t 

I 

> 

( 

( 

r 

• 

f 

{ 


i 

f 

i 

1 

r 

I 

I 

f 
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j 

i 

i 

I 

i 
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SANOi  ORYt  OENSiTV;  i!i36«  APPF<(iACHlN6  VE1.0CITVS  AOe«  K/S 

pwojtcm.h«  :>ouib  f-cat  nuee  MASs:o«a44j  kgi  o>o*02  m*  Lao^aaft  m 


X'RAV  STATIUN  ••• 

NO. 1 NO. 2 

NO.  3 

N0.4 

NO.  9 

TIME  ( SECOND  1 
CfcNTEH  OF  gravity 

POSIT 

.000121  .OOOOOl 
ION  (Ml 

.OOlTvJ 

.003009 

•004613 

HCHI20NTAL  •••• 

-0.087  0.116 

0 .417 

0.726 

1.024 

vertical 

0.132  0.137 

0.143 

C.I45 

C.194 

INCLINATION  ANGLElOEGl. 
;>EPAHATICiH  ANGLE  (DEGREE 

0.0  2.0 

1 

3.9 

7.0 

9.0 

ABOVE  ••••i.... 

•AW*  6.0 

6.5 

7.0 

:o.o 

BELOW  

«**«  4gb 

3.0 

t.S 

o.o 

NOSE  WIOTH  <M  ON 
NOSE  POSITION  (Ml 

FILMI. 

G.0240  0.0230 

0.0225 

0.0225 

o.caas 

HOUaONTAL  ..  « 

C.026  0.231 

0.5T9 

0.636 

1.136 

VERTICAL  .<  1 
INPLT  NOSE  POSITION  (Ml 

0.1 i2  0.141 

6.150 

0.159 

0.171 

HCRUUNTAL  .... 

0*^31 

0.529 

0.836 

1.135 

VERTICAL  

■'■O.oac  -W.075 

-0.v35 

-O.OSS 

-C.041 

NOSE  VEL.  Y-COMP. 

< M/bl 

: 16.  12. 

B • 

11. 

CUE.'FlCIEtMTS  aF  CUE  1C  PULVNUMl AL/b TANMAftO  OEVIAT>ON 

C«13UbE  Uu  0.17V  :>&  u2  >C*3V9Be  C4  0.4T46C  04  / U.0009  (Ml 

NUSE  veue  X-CGMPg  (M/S):  3ai«  33S.  266*  206*  176* 

COvFFICU-NTb  OP  CUtllC  PtJl-VNUMI  AL/S  TANO  APO  DEVIATION 
-0.lW64r.-Ql  C.bWlTE  03  -U.^A^Ab  OS  0.3121E  07  / 0.00S2  (Ml 


NCSE  VEi..  DIRECT  lONlOECl 

a.4 

2.  1 

1.7 

1.7 

3.9 

SEPARATION  ANGLEI^EGnEE  1 

• RELATIVE 

TO 

NOSE  VELOCITV 

above  •••..••••.•«••* 

***« 

6.  1 

4.7 

1.7 

4.9 

• «E* 

4.4 

4.9 

6.6 

9.5 

C.G.  VEL.  V-COMP.  (M/Si: 

12. 

6 • 

3. 

2. 

9. 

COEFFICIENTS  OF  CUDIC  POETNUMIAL/S 7ANOARO  DEVIATION 

O.XioSC  00  0.l2r6E  02  -0.4363E  C.S77aE  06  / O.UOlO  (Ml 

C.o*  VEE.  X-COM.''!,  (M/Si:  381*  33S.  266.  207.  177« 

coefficients  JF  cubic  PULVNOM1A1./STANDa^iO  DEVI.\TI0N 
-0.1326E  00  0.39  1 be  03  -0.4469E  05  0.30V2E  07  / 0.0054  (M) 

PCiNCEtET  drag  CUEFF.  « 1«684 
VO  266.  3TAN0.  CEVIA.  » 0.0033  (M) 

C.G.  VEIL.  X-COMP.  (M/bi:  360.  334.  266.  211.  169. 
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J 


A 


SHOT  Ut  { IH  march.  1976.  NO*  3 ) 


SANC:  DRV.  OENSITT: 153a.  KG/M»*3S  APPROACHING  VELOCITY!  AOt.  M/S 
PROJECTILE!  SOLID  hLAT  NOSE  MASS!0.SAA3  KG.  0"G*02  M*  L*i>«225  M 


X-RAY  STATION  

NO.l 

NO.  2 

NO.  3 

NO. 4 

N0.6 

TIME  ISECONO)  

•60610B 

• 00667b 

• 00  1667 

•003003 

•0C4582 

CENTER  OP  GRAVITY  POSITION  (Ml 

HCRI20NTAL  

—6 .066 

0.119 

0.420 

0.730 

1 .036 

VERTICAL  

6. 134 

0.  140 

0.146 

0.163 

0.160 

INCLINATION  ANGLc(UEG). 
SEPARATION  ANGLE (DEGREE ) 

U « 6 

1.0 

0.6 

-1.5 

-6.0 

ABOVE  

6.0 

3.6 

2.6 

0.6 

BELOW  

«««• 

4.6 

4.6 

3.6 

a* 

NOSE  HlDTH  (M  ON  FILM). 
NOSE  POSITION  (M) 

6 .0266 

0.0226 

0.0236 

0.0230 

0.0225 

HORIZONTAL 

0 .627 

0.232 

0.633 

(<•043 

1.147 

vertical 

INPUT  NOSE  POSITION  ( M) 

0.134 

0.142 

0.147 

0.160 

0.146 

HORIZONTAL  

0.024 

0.232 

0.633 

0.644 

1.148 

VERTICAL  

-0.661 

-0 .074 

-0.066 

-0.064 

-0.067 

NOSE  VEL.  V-COMP.  (M/S): 

13. 

9. 

4. 

-0. 

-1  . 

COEFFICIENTS  OP  CUBIC  POLYNOMl AL/STANOARO  OEVIaTION 

0.1332E  00  0.I374E  02 

-D.3564E  04  0. 

2793E  06 

/ 0.0013  CM) 

NOSE  VEL.  X-COMP.  (M/S): 

363. 

336. 

267. 

209. 

1B6. 

COEFFICIENTS  OP  CUBIC  PULVNUMI AL/STANOARO  DF.VIATION 

-0.1469E-O1  0.39JIE  03 

-0.4603E  C6  U.3396E  07 

/ 0.0016  CM) 

NOSE  VEL.  OIRECTIUN(OEG) 

1.9 

1.6 

0.9 

-A.O 

1 

o 

• 

6 

separation  angle (DEGREE) 

. relative  to  nose  velocity 

ABOVE  

4444 

3.9 

4.0 

6.  1 

BELOW 

4444 

3.9 

4.1 

4.0 

2.9 

C.G.  VEL.  Y-COMP.  CM/S): 

9. 

6. 

6. 

5. 

COEFPICIENTS  OP  CUBIC  POLYNOMl AL/STANOaRO  DEVIATION 

G.1334E  00  C.DSauE  01  -0.143GC  04  0.I306E  06  / 0.0007  CM) 

C.G.  VEL«  X-COMP.  (M/S):  3ej«  336.  267.  209.  187. 

COCPPICIENTS  OP  CUBIC  POLYNUMI AC/STANOARD  DEVIATION 
-0.1277E  00  0.3932E  U3  -0.4614E  OS  0.3432E  07  P 0.0014  (M) 

PCNCELET  DRAG  COEPP.  • 1.649 
VO  « 267.  STAND.  DEVIA.  « 0.0026  CM) 

C.G.  VEL.  X-COMP.  (M/S):  366.  333.  267.  212.  170. 


RECORDED  TIME  OP  MAXI MUM/MINIMUM  COIL  VOLTAGE  (S) 

MAX  .000099  «(«01S94  . 002664  . 0 0 4427 

MIN  .000626  .002307  .063947  .00565C 

COMPUTED  NOSE  POSITION  AT  MAX/MIN  COIL  VCX.TAGE  CM) 

AT  MAX  0.024  0.609  0.613  1.116 

AT  MIN  0.21<»  0.669  1.029  1.349 

RECORDED  COIL  POSITION  (M) 

0.0  0.466  0.776  1.076 

DIPPERENCE  BETWEEN  COIL  AND  NOSE  aT  MAX/MIN  VOLTAGE  CM) 
AT  MAX  C.624  J.023  V.C3S  0.042 

AT  MIN  0.214  0.263  0.261  0.273 
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SHuT  ^7 


( Ik  MAKCH.  l«7o*  NO*  4 I 


^ANC:  ORV*  OcNSiTV  : 1 &3«H*  KC/MmvJ  ; approaching  VCLOCITVI 
PAUJtCTlLE:  bOLiU  f-LAT  NO&E  MaSS:G*S>4«3  KC*  OaQ*02  M*  L' 


X-RA7  STATION 


NO*  J£ 


NO,  3 


NO, 4 


TIME  (SECOND)  *********  *OOull'(>  *<.(.C6ei  *Cul7C3  *003018 


400*  M/S 
• 0*22S  M 

NO.S 

• 0 04628 


HCRl/ONTAL 
vertical  *< 


-0*067 

0*119 

0*422 

0*732 

C.9SC 

0*143 

0*152 

0*161 

0*  169 

C.176 

0*0 

0*0 

' -0*5 

-2*5 

-2*5 

4*  5 

2.5 

1*0 

2*5 

6*w 

7*0 

7*0 

7*0 

0 • U2S0 

0*0230 

0*0230 

0*0230 

0,  02  3C 

0*026 

0*232 

0*535 

0*845 

1 *063 

0*143 

*-•(52 

Si , 160 

0*164 

0*1  VI 

0*023 

0*233 

0*535 

0*846 

l*C5t 

-0*0  70 

— u *0  62 

-0*053 

-0*048 

-0,0^0 

16. 

12* 

5* 

2* 

8 * 

INCLINATION  ANGLE(UEG)* 
SEPARATION  ANGLcI  OEGNEE  ) 

AtoUVE  ••*«•• 

MELUM  ,,,,,,,,,,,,,,, 
NOSE  mIDTH  (M  ON  FILM)* 
NCSE  POSITION  (M) 

MCRD’ONTAL  ********** 
VERTICAL 

INPUT  NOSE  Push  ION  (M> 
HCRI20NTAL  

vertical  ************ 


NOSE  VEL*  V-CUMP*  (M/a):  16*  12*  S*  2*  8* 

COEFFICIENTS  OF  CUulC  T OLYNOMI AL/S TANOARD  DEVIATION 

0*1400E  OC  v*4wSVE  C2  -GoOuTIE  04  0*70176  06  / 0*0005  (M) 

NOSE  VEL*  X-COMP*  (M/S):  371.  336*  273*  189*  44* 

coefficients  of  cubic  foltnumial/standaro  CEVIATIUN 
-O.ISSSE-OI  0.377VE  C3  -0*3029E  05  O0.2I30E  06  / 0*0C72  (M) 


2*6 

2*  1 

1 • 4 

0*5 

5*0 

RELATIVE 

TU 

NOSE  VELOCITY 

««** 

6*6 

4*1 

4*1 

tC*0 

«««» 

3*9 

5*4 

3*9 

-1*3 

16* 

13. 

8* 

4* 

6* 

NOSE  VEL*  DIRECTIGN(OEG) 
SEPARATION  ANGLb(OcGNEE)< 

ABOVE  

BELOW  


C*G*  VEL*  V-COMP*  (M/S):  16*  13*  8.  4.  6* 

COEFFICIENTS  OF  CUBIC  POLYNOMI AL/STANO ARO  .OEViATION 

0*14I3E  DO  0*l7O5E  02  >0*3688E  04  U*35I7E  06  / 0*0010  (M) 

C*G*  VEL*  A-COMP*  (M/S):  371*  337*  273*  109*  84* 

COEFFICIENTS  OF. CUBIC  POLVNUMIAL/STAND AND  DEVIATION 
-0*12696  00  0.3761E  03  -0.3U29E  OS  -0*21306  06  / 0*0073  IM) 

PONCELET  CRAG  COEFF*  « 1*764 
VO  273.  STAND*  DEVlA*  * U.OSSO  (M) 

C*G*  VEL*  X-C0I4P.  (M/S):  4 13*  349*  273*  213*  168* 


.SHUT  a«  ( la  MARCH.  t«7«.  HO.  6 I 

SANO:  DRV.  DENSITY  : I SJa.  APPROACHING  VCCOCITV: 

PROJECT  ice:  GOCtO  PLaT  hose  mass :u. 544 7 KG.  O>0.ca  Mt  u< 


40S.  M/S 

o.aas  M 


x-hav  station 

UML  ( SECOND  t 


HCR120NTAC 
veRTlCAC  •< 


SEPARATION  ANGLE I DEGREE  I 

AOCVE  

eEcaw  

NOSE  aIOTH  (M  on  flCMl.  « 
NOSE  POSkTION  <M) 

HCNiaOMTAL  •••••••••• 

vertical 

INPUT  NOSE  POSITION  iMI 
HCRI20NTAL  ••••*••••• 
VERTICAL  • 


NO.l 

NO.  2 

NQ.3 

NO  >4 

NO.S 

.606677 
)N  (M) 

.000635 

.001656 

•002634 

•0C456 

•6.065 

6.12C 

0.421 

0.701 

1.031 

0.  t IS 

6.122 

0.130 

0.132 

0.126 

“1.0 

“1.5 

>4.0 

>6.5 

>6.C 

4**« 

4.0 

3.0 

1.5 

1.0 

»64« 

9«0 

10.6 

11.0 

16.0 

*•0259 

0. 02^6 

^0.G23L 

C.02J0 

0.02JC 

0 .026 

m.?32 

0.534 

0.013 

1.144 

6. 113 

6.1  10 

0.122 

6.1  19 

0.115 

6.6  25 

6.233 

0.534 

6 .009 

1.144 

6.  lue 

>6. 106 

>0.096 

>6.100 

>0.105 

NOSE  VEL*  y-COMP.  4M/S):  IS.  «.  >0.  *4.  2. 

COEFFICIENTS  CF  CUU IC  PULYNUMI AL/STANDAPO  DEVIATION 

0.UI4E  iiij  O.lSvEE  Ua  'U.6907E  L4  C.7fiU3E  06  / O.wOOU  <M> 

NOSE  VEL.  X-CQMP.  (M/SI:  3S7.  337.  asS.  2IL.  16$. 

COEFFICIENTS  OF  CUblC  POLYNOMI AL/STANDAPD  DEVIATION 
>U.  146wE'-U2  0.3943E  03  >0.4ttJ7e  05  0.3M1E  07  / C.003I  (M) 


NOSE  VEL.  OIRECTIONIOEG)  2.2  1.4  >0.1  >1.2 

SEPARATION  ANGLE< UEGkEE I • REoATIVc  TO  NOSE  VELOCITY 

ASOVE  *•««  6.«  6.9  6.0 

dEuOlN  ««•«  6.1  6.6  9.7 


*•«« 

6.9 

6.9 

6.0 

7.5 

««•« 

6.  1 

6.6 

5.7 

3.5 

16. 

11. 

4 • 

-1. 

>4. 

C.G.  VEL.  Y'COMP.  <M/Si;  16.  11.  4.  -I.  >4. 

COEFFICIENTS  OF  CUblC  POLYNOMI AL/STANOARD  DEVIATION 

U.1I32E  00  0.16V3E  02  >0.4»93E  04  0.3326E  06  / 0*0003  IM) 

C.G.  VEL.  X-COMP.  (M/S):  J67.  336.  265.  210.  165. 

COEFFIcrENTS  OF  CUblC  POLYNOMI AL/STANDaRD  DEVIATION 
•0.I145E  Ov  0.3941c  03  >0.46666  05  0.367CE  07  / 0.0033  (M) 


PONCELET  DRAG  COEFF.  > |. 

VO  ■ 265.  STANO.  OEVIA. 
C.G.  VEL.  X>COMP.  (M/S>: 


706 

s G.dOaS  (M) 
366.  333. 


RfcCCROEO  TIME  OF  MAX  1 MUM/MINIMUM  COIL  VOLTAGE  (S) 
max  .006062  .6WIS64  .062664  .004474 

MIN  .OOCSaT  .062276  .003762  .005542 

COMPUTED  NDSE  POSIT ICN  AT  MAX/MIN  COIL  VOLTAGE  (M) 
at  ;1AX  0.623  OtSll  0.618  1.127 

AT  MIN  0.2b4  0.669  0.995  1.330 

RECCROEO  COIL  POSITION  ( M) 

6.0  0.486  0.778  1.076 

OlFFLRENCE  BE'^MEEN  COIL  AND  NOSE  AT  MAX/MIN  VOLTAGE  (M) 
AT  MAX  0.023  0.625  0.640  0.051 

AT  MIN  0.2w4  0.263  6.217  0.254 


( 1^  MAhCHt  1976.  N0«  T ) 


SANc:  onv.  o&NSUYUb4a.  KU/M**jt  approachiks  vclocitv:  392.  m/% 

PRLJtCriLE:  &OC1U  blCUNlC  MASS:0.496A  KO.  0^0.02  M.  LbO.226  M 


X-RAT  STATION  

NO.l 

NO.  2 

NO.  3 

4 

• 

O 

2 

NO.S 

TIML  (SbCONT) 

.OODIIS 

.000601 

•001703 

•002679 

•C0461 

CENTER  OF  CRAV11T  POSITION  (M) 

H(.R1X0NTA(.  

••ii  r092 

O.lOu 

0.400 

0.718 

1.094 

vertical  

U.l  14 

0.  1 19 

0.124 

C.130 

(..162 

INCLINATION  ANGLE(CEC). 
SCPAMATICN  ANOLEIOECREE ) 

b .'M 

1.0 

^•6 

6.0 

1 t.O 



F««W 

4.5 

5.0 

6.5 

0ELWIM  

«4v« 

44*4 

2.0 

1.0 

t.5 

NOSE  ttlDTH  (M  ON  FILM). 
NOSE  PUSirtCN  (M) 

w .0250 

0.0230 

C.U225 

0.0220 

C.0203 

HCRIaONTAL  .......... 

0.030 

U .222 

0.S29 

0.039 

1.214 

VERTICAL  .CO......... 

INPUT  NOSE  POSITION  (M) 

0.114 

k«.122 

0.13O 

0.143 

3.109 

HCRI20NTAL  

0.020 

0.221 

0.S29 

0.039 

1.215 

VERTICAL  

oD.lwS 

-0.m97 

-0.060 

-0.074 

-C.C 33 

NOSE  VEL.  V-COMP.  (M/SIX 

14. 

10. 

6 • 

14. 

30. 

COEFFICIENTS  OF  CUBIC  PULVNUMl AL/STANOARO  DEVIATION 

0.1127E  00  C.1<*V7E  02 

-0.49S0E  04  U.1019E  07 

/ U.0007  (M) 

NOSE  VEL.  X'COMP.  (M/S): 

349. 

324. 

203. 

242. 

193* 

COEFFICIENTS  CF  CUb  1C  POLVNOMt AL/STANOaRD  DEVIATION 

>O.9072E>U2  U.35JVE  03 

-0.2290E  05  0. 

7905E  06 

/ 0.0019  (M) 

NOSE  VEL.  OlRECTlON(0C<i) 

2.3 

1.0 

1.7 

3.3 

11.1 

SEPARATION  ANCLE (wE <^EE  ) 

* RELATIVE  TO  NOSE  VELOCITY 

ABOVE  

4W4« 

44*4 

3.7 

2.3 

6.6 

BELOW 

*«** 

4444 

2.6 

3.7 

1.4 

CnO.  VEL.  V-CCMP.  (M/S): 

12. 

7. 

3. 

6. 

32. 

COEFFICIENTS  OF  CUOZC  POLVNOMIAL/STANDARO  DEVIATION 

g«1127E  OC  W.1368E  02  -O.bOlOE  04  0.1159E  07  / 0.0001  (M) 

C.C.  VEU.  X-COMP.  (M/S):  349.  324.  283.  243.  19S. 

COEFFICIENTS  OF  CUlllC  P01.trNOMIAt./STANOARO  DEVIATION 
-O.lJlOe  OU  0.333OE  03  -U.2275E  05  U.0O26E  06  / 0.0019  (M) 

PONCU.ET  ORAO  CCEFF . s 0.910 
VO  s 349.  stand.  UEVIA.  • 0.0090  (Ml 
C.C.  VEC.  X-COMP.  (M/S):  349.  321.  200.  244.  206. 
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SHUT 


t MAACM*  197e«  NC*  tt  ) 


SANO:  ORVt  OENSiTV : 1SJ«*  KC/M««Jt  APPHOACHING  VELOCITT:  S52«  M/S 
PROUECTILE:  solid  QICUNIC  MASS:U«A964  KG«  0«0«02  M*  L«0*226  m 


X-HAY  STATION  * 

NO*  1 

NO.  2 

NO*  3 

NO*  4 

NO*  5 

TIME  (SECONOI  

CENTER  OF  GRAVITY  PCS IT 

•000139 
ION  (Ml 

.OUU672 

• U(#  1694 

•002796 

•004303 

HCRI20NTAL  

-O.OttI 

0*100 

0 *406 

0*697 

1*019 

VERTICAL  

U.  110 

u*l  14 

. 1 23 

0*136 

0*190 

INCLINATION  ANGLEIDEGI. 
separation  ANGLEIDEGREE 

1*5 

1 

w 

• 

o 

3*S 

12*0 

19*0 

AUOVE  ••••••••••••••• 

*•«« 

44»* 

6*0 

8*0 

10*0 

det.OiR  

VK44 

• *4* 

1 *0 

1*0 

«*44 

NOSE  «IOTH  (M  ON  FILMI. 

0.024S 

0*  023S 

0.0225 

0*0220 

ti*02IC 

NOSE  POSITION  (Ml 

HCR120NTAL  

0.U41 

0*222 

0.528 

0*8  16 

1.134 

VERTICAL  

0.113 

0*121 

0*135 

0*162 

0*229 

INPUT  NOSE  POSITION  (Ml 

HCRUONTAL  

0.042 

C *221 

0*527 

0*8  14 

1 . 1 34 

VERTICAL  

-0*107 

—0*098 

-0*082 

-0*053 

0*016 

NOSE  VEL.  V-COMP.  (M/SI 

: 13* 

13. 

18. 

31  • 

62* 

CCEFFtCIENTS  OF  CUd  1C  POLVNUMIAL/STANOARO  OEVkATlON 

0«1117E  00  02  »0.1«42E  04  0.1094E  07  / C.O0C7  (Ml 


NOSE  VEL«  X>COMt^«  (M/Si:  346.  323*  201.  239«  ISS* 

COEFFICIENTS  OF  CUdlC  POLYNUMlAL/STANO aRU  DEVIATION 
-0*OS16E-02  0.3S24E  03  ~0»2<06E  OS  0*AOSSE  06  / 0*0026  (Ml 


NOSE  VEL*  ClRSCr lUNlOEGI 

2*1 

2*3 

3*6 

7.4 

10*4 

SEPAHATION  ANGLEiOEGAEE  I 

• RELATIVE  TO 

NOSE  VELOCITY 

ABOVE  

«44  > 

4*44 

4*  1 

3.4 

9*4 

dELO«  ****.••**••*••* 

»«44 

2*9 

4*44 

c*e*  VEL*  Y-coM*^-*  (M/si: 

12* 

8* 

8. 

20* 

54* 

COEFFICIENTS  OF  CUb  1C  PULYNUMl AL/STANOARD  DEVIATION 

0.1079E  00  0.I3V3E  02 

-0*S891E 

04 

0.1642E  07 

/ 0*0012 

(Ml 

C*G*  VEL*  X-COMP*  (M/S«: 

346* 

323. 

282* 

241* 

189* 

COEFFICIENTS  OF  CUd IC  POLY NUMI AL/S1 AND ARO  DEVIATION 
-0«l2a3E  OC  O.jsldc  w3  *-w  2146E  05  v*38SCE  06  / 0*0026  (Ml 


PONCELET  DRAG  COEFF.  « 0 
VO  * 346.  STAND.  OEVIA. 
C*G*  VEL.  X<-LOHP*  (M/Sl: 


.93/ 

« 0.0083  (Ml 
346*  319. 


209. 


278 


244* 


!»MOT  ^2  ( I'  MAi«CH«  1«76»  MO.  t ) 


SANc:  oftvn  otn^ixv : ap(>»:oachimg  vielocitv:  33a*  m/s 

l^f<CJcCril.C-  : t:OLkO  tt'CUNlC  HASrx»U«496S  r.G«  0>0«C2  M*  L>0«226  M 


A-RAV  STATION  •••••.«*• 

N0«1 

NO*  2 

N0o3 

N0*4 

N0*5 

TIME  ISECONO) 

•000124 

•000672 

•00  1694 

•002961 

•C04268 

CENTER  OF  RAVMV  POSITICN  <M» 

HCR120NTAL  ••••••*••• 

-0  *0  74 

0*  105 

0*407 

0*739 

1 *007 

VERTICAL  

0*103 

0*109 

0*116 

0*146 

0*163 

INCLINATION  ANGlEIOEGI* 

2*0 

2*5 

6*8  , 

18*0 

29*0 

SEPARATION  ANGLE! UfeORbE ) 

**«« 

««*« 

«•«* 

«««« 

mELUW  

«4«» 

**«« 

»•«« 

«i«*« 

NOSE  «:13TH  !M  ON  Fli.Ml, 
NCSE  POSITION  IMJ 

w*025O 

U*  0230 

0*0230 

0*0240 

0*0265 

hcr:£ontal  •«•••••••• 

0 *040 

0*227 

0*529 

0*257 

t*i  14 

VERTICAL  

INPUT  NOSE  POSITION  !MI 

V*  lu7 

w » 1 1 5 

0*130 

0*171 

0*242 

HCRlAONTAL  •i****<.*«« 

0*090 

0*227 

0*820 

0*661 

1*104 

VERTICAL  

~0* 1 15 

-0*105 

-0*067 

“0.037 

0*063 

NOSE  VEL.  V-COMP.  (H/S»: 

10* 

13* 

22* 

41* 

69* 

CCSlFFICluNTS  OF  CUO  iC  POlYNUMI AL/STANOARO  DEVIATION 

0*1L62E  00  0*V6.iO£  01 

0.1641E  04  0. 

6216E  06 

/ 0*0018  IMI 

NOOir  VEL*  A~COMP,  !M/S}: 

332* 

315* 

260* 

228* 

166* 

COEFFICIENTS  OF  CUEIC  POLVNOM! AL/STANOARU  DEVIATION 

V»601,:£->U2  0*3361b  03 

-”0*4451E  OS  -0* 

0233E  06 

/ 0*0037  CM) 

NOSE  VEL*  0IRECTIUN(UEG{ 

1*7 

&*  4 

4*5 

10*3 

22*6 

SEPARATION  ANGLE COLGKEE ) 

• RELATIVE  Tb  NOSE  VELOCITY 

A50VE  •**•*•* 

«««« 

«*»* 

*«*4 

44*4 

**••««••** 

*•«* 

4*«4 

«**» 

4«-«4 

C*G*  VEL*  Y-COMP*  <M/Si: 

9* 

a* 

12* 

24* 

45* 

COSi^FlClENTS  0:‘  CUiMC  PUi-VNUMI AU/bTANDAIkO  DEVIATION 

J*IU22E  OC  0«VA7bE  01  04  O.dSlTE  00  / 0*0020  (M) 

C*G«  VEL*  A-COMP.  ^M/S»:  333*  310«  SOI*  232*  170* 

COEFFICIENTS  OF  CUUIC  PUt-TNONI  AL/S  TANOARO  DEVIATION 
-J«I1SI£  Oc  0.030V&  03  -0.I501E  05  >0.«9ISE  06  / 0o0032  CMI 

PONCbUET  DRAG  CCEFF*  « 0«d65 
VU  3 333,  STaNU.  OEVIA*  » 0*0116  IM) 

C*G*  VEU*  A-COMP,  (N/Si:  333*  3C9*  273*  230*  210* 
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I 


&HQT  33  <13  MAHCH*  fi«r6.  NQ«  2 I 

SANC:  OHV*  DENSITY : I Ktt/»t**3}  Al-'PfiOACM  1N6  VELOCITY:  400«  N/S 
P(^a3ECTICEI  HOLLUM  dICOMiC  MASS:C>»343b  KG  t 0«0«02  M»  t.»V«2SE  M 


K>RAV  STATION  •••.•••••  NCl.l 

TIME  CSECUNO)  •UOwlSS 

CENTER  OE  GRAVI1V  POSIT  ION  <M) 

HORIZONTAI.  ‘-v>«OM 

VCMTICAL  ••••••••••••  Cmlitii 

inclination  ANGLEiUfeG).  -A«J 
SEPARATION  ANGLE! UE CNEE  I 

A60VE  * •»«« 

UELOW  ••••••••••••••*  «»•* 

NOSE  MiOTH  (M  ON  FILM).  G.029U 
NOSE  POSITION  <M) 


HORIZONTAL  3.GS1 

VERTICAL  ti.uSS 


INPUT  NOSE  POSITION  <M) 

HCRIZONTAL  O.OSA 

VERTICAL  >C.13e 


NO.  2 

N0.3 

N0.4 

NO.  5 

• U0UT6C 

•001703 

■oozeiT 

•004303 

w.  19U 

u.Asa 

18.737 

19.342 

G.  104 

0.060 

18.121 

16.121 

•11.0 

-16*0 

0.0 

0.0 

1.0 

• »4* 

*•*« 

«*«* 

«.o 

«4*« 

«•*> 

0.0230 

U.0230 

V4**»* 

w • SOU 

0 • SEE 

16.839 

19. 144 

0.064 

0.032 

16.121 

18.121 

0.290 

0.S60 

*44*4* 

-6.140 

-0.20C 

*44444 

150 


shot 


( t:i  MARCH*  t976«  NO*  3 i 


iAHOi  DRY*  OENSiTY 
PAa^'tCTii.t:  Huu-Oii 


1S.18*  K0/M*«3i  APPROACHINC  VCLCCITV: 
OlCONlC  MASS;0*JA3^  AG.  0»0*&2  M*  L 


413*  »VS 
i>0*226  M 


X-ftAY  STATION  *••«*•••• 

TIME  <SECaM5)  

CENTER  Of  GRAVITY  POSIT 
HUKIZONTAL  ***^****** 
VERTICAL  *. Cl. •.••••• 

1NCL.1NAT10N  ANGLE  (CEGS. 
ScPARATIGN  ANCLE! UEGREE 

A80VE  

BELCM  •*••**••«.**•.• 

nose  »I0TH  (M  on  PILMi* 
NOSE  POSITION  04) 

MCHIZONTAL  •..••••**• 

VERTICAL  

INPLT  NOSE  POSITION  <H) 

horizontal  

VERTICAL  ••.••••*••*• 


NO*  1 

NO*  2 

N0.3 

NO. 4 

NO.S 

•00vl39 

•606774 

•001703 

*002811 

.C04  319 

lUN  (M) 
• LS3 

6.190 

C.47S 

18.737 

19*042 

6.102 

6.107 

0.0V2 

18.121 

1 8*  1 £ 1 

-1.7 

-5.6 

-8.5 

O 

. 

o 

0.9 

) 

1.6 

1*0 

«**• 

*•«« 

*•*4 

5.  5 

6.0 

•••• 

W.02PG 

6.023U 

6.0250 

6 . WA9 

6.291 

0.576 

18.839 

19.144 

U.U99 

6.W9S 

0.C77 

18.121 

18.1 21 

0*052 

6.302 

0.587 

—if.  125 

-C. 12S 

-0cl53 

j 
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SHOT  3i>  t 13  MAhCH.  1976.  NO.  «»  1 

SANL^S  ORV.  density:  153b.  KC/M*«3*  AP(^ROACMING  VELOCITY: 
PN03.^CTU.E:  HOCuOM  bXCCNlC  MAS5:0.3»35  KG.  0s0.02  M.  L< 


302.  M/S 
0*226  M 


X-RAY  STATICM 
TIME  (SECOND) 


HCAlZONrAL  • 

VERTICAL  

INCLINATION  ANGLe(OEG). 

SEPARATION  ANGLE! DEGREE ) 

ABOVE 

BELOd 

NOSE  «IDTH  (M  ON  PILM).  ( 

NOSE  POSITION  (Mi 

HCRi2QNTAL  .......... 

VERTICAL 

INPUT  NOSE  POSITION  (M) 



VERTICAL  - 


N .U  1 

NU.2 

NO. 3 

Z 

o 

. 

p 

NO. 5 

>G0U139 
)N  (Mi 

.000700 

.001919 

.003514 

.00541 8 

G.C63 

0.  146 

0.440 

0.77« 

1 .092 

G.  w9b 

0 . 102 

0.115 

0.143 

0.190 

1 .5 

4.0 

6.0 

7.5 

14.0 

4*«* 

«4«<» 

5.0 

7.0 

**«* 

«««« 

4*4* 

1 .0 

4.C 

4444 

.0  245 

0.O23G 

0.0240 

0.0250 

U.031w 

0 .039 

0.247 

Ot541 

0.876 

1.191 

U.099 

u.  1U9 

0.126 

0.157 

0.2)5 

0.039 

U.250 

0.543 

0.885 

1.218 

U.I25 

-u.lll 

-0.092 

-0.CS3 

0.049 

16. 

15. 

16. 

23. 

4 3. 

COEPFXCIENTS  OP  CUblC  PULYNOMl AL/STANCARD  0EVIA110N 

0.9bS9E~01  0.1G35E  Ok  -G.1J43E  04  0.4349E  / 0.0C08  (M) 

NOSE  VEL.  X-COMP.  (M/Si:  335.  295.  238.  183.  157. 

coefficients  of  cubic  pulynumial/stanoaro  deviation 
-U.70tt0E-U3  U.3437E  03  -U.3338E  05  G.1991E  07  / 0.003b  (M) 


nose  VEL.  OinECTU.MOEG) 
SEPARATION  ANG'.E ( DEGREE  ) < 
ABOVE  

below  ............... 


C.G.  VEL.  Y-criMP.  (M/Si:  a.  10.  (4.  21.  29. 

coefficients  of  cubic  pocynomiac/standard  deviation 

0.9512E>01  0.71UEC  Ol  0.1731E  04  0.3738E  05  / 0.0007  (M) 

C.G.  VEL.  X-COMP.  (M/Si:  335.  295.  236.  1B3.  159. 

CX)£FF1CIENTS  of  cubic  polynomial/standard  deviation 
-0.1O92E  00  0.344AE  03  -0.3368E  05  0.2U42E  07  / 0.003B  (M( 

PONCELET  DRAG  COEFF.  « 1.011 
VO  » 238.  STAND.  DEVlA.  « 0.0021  (M) 

C.G.  VEL.  X-COMP.  (M/Si : 340.  294.  238.  187.  149. 


2,7 

2.9 

3.9  7.2 

14.3 

RELATIVE  TO 

NOSE  vf:.ocity 

4444 

4444 

2.9  6.7 

4444 

4444 

4444 

3.1  4.3 

4444 

a. 

10  . 

(4.  21. 

29* 

iHuT 


I iJ  MAKCH*  1976*  NO*  6 ) 


SAN&:  WCT« 
HHOJhCT ILt 


CcNSiTv: 4iwSo  • aph^oacmino  velocity:  336.  m/s 

: SOLIO  »-UaT  NCSe  MASS:u.&*50  kg.  0bG.02  M.  L»G.225  m 


X-fiAY  STATION 


NC.l  NO. 2 NO. 3 NO.*  NO.S 


TIME  fSbCONO) 

CcNTt«»  UF  GRAYIIY  POSITION  ( M) 
HCRI20NTAL  -0.07* 

VEK  TIC  AL  ...... ......  w.o  90 

INCLINATION  ANGLEIOEG).  O.w 
SEPARATION  ANGLES OEGkcE I 

AbOVE  ***• 

aELOM  ............... 

NOSE  klUTH  <M  Ow  FILM!.  C .U2S0 
NOSE  POSITICN  <Mi 

HORIZONTAL  0.039 

VERTICAL  ............  W.090 

input  NOSE  POSITION  (Mi 

HORIZONTAL  0.039 

vertical  -C.I20 


wOSJ6 

.00221 7 

.003901 

•00609 

0 . 1*2 

0.4V0 

o.s** 

19.031 

U.09S 

b..  106 

U • i Cl  B 

18.121 

u.o 

0.5 

10 

t 

o 

O 

• 

o 

17.0 

7.6 

s.o 

*•*« 

17.0 

e.6 

6.C 

««•* 

(>.0230 

0.0230 

0.0230 

0.2S5 

0.603 

0.9S7 

19. 1** 

0 .09S 

0.107 

0.109 

18.121 

0.259 

0.613 

0.973 

«C.12b 

-o.n* 

•0.1 11 

153 


< 24  MAMCMt  1«)76*  NO*  t ) 


sand:  a^T*  0ENS}TV:2J&d«  KG/M««J{  APPHOACHING  velocity:  J36«  m/& 
PMOJECriLE:  SQLtl  Flat  N0;>L  MASS:0*544«  kg*  0>:0*02  M*  L«C*225  m 


A-HAY  station 

TTME  (SECOND)  

CENTER  OF  GRAVITY  PUSIT 

MCRUONTAL  

VERTICAL  

INCLINATION  ANGLE(LEG)* 
separation  angle ( Ut GREb ) 

ABOVE  •** 

BELOH  ***** 

NOSE  alOTH  (H  ON  FILM)* 
nose  position  (M) 

HCRIZUNTAL  

VERTICAL  

INPUT  NOSE  POSITION  (M) 

HORIZONTAL  *** 

VERTICAL  


NOSE  VEL*  Y-COMP*  (M/S): 

COEFFICIENTS  OF  CUBIC  PULVNUMl AL/ST ANOARO  DEVIATION 

0*964JE-0I  <J*B9V2E  01  "U*2BOuE  (<4  U*29S4£  06  / 0*CC02  (M) 

NOSE  VEL*  X-COMP*  (M/S):  JII*  263*  23d*  I9S*  157* 

COEFFICIENTS  OF  CUBIC  POLYNOMI AL/S TANO ARO  DEVIATION 
-0*S3S6£-C2  O.SIoic  03  *0*2I2Je  OB  0*Z992E  06  / 0*0045  (M) 


NU*  1 

NO*  2 

N0*3 

N0*4 

N0*5 

* OOO 130 
iCN  (M) 

*o0o605 

*002074 

•003S6C 

*00536 

-0*079 

0*126 

0*451 

0*776 

1.09C 

o * 095 

w*  100 

0*  i(;2 

0*103 

C.  105 

1 *0 

1*0 

2*C 

2.5 

4*0 

20*0 

»*4* 

11*0 

6*0 

9*5 

20  *U 

«*•« 

9*0 

6*5 

4*0 

o *o2b0 

0*0225 

0*0230 

0*0230 

0*0230 

0.034 

0*239 

0.563 

0*666 

1*203 

0*097 

o*  lo2 

0*106 

0*106 

0*  1 13 

4i*  *o33 

0*240 

0 *566 

0*696 

1*212 

-O  • 127 

-0*119 

-0*115 

-0*1 13 

-0*107 

B* 

5* 

2* 

1 * 

6* 

NOSE  VEL*  OIRECTION(OEG)  I*S  1*1  0*4  0*3  2*1 

SEPARATION  ANGLE!  DEGREE  )«  RELATIVE  t'U  NOSE  VELOCITY 


ABOVE  

20  *S 

9*4 

5*8 

7.6 

OELUa  

19*5 

44»« 

10*6 

6*7 

5*9 

C*G*  VEL.  Y-COMP,  (N/S): 

7* 

4* 

1 • 

-0* 

4. 

COEFFICIENTS  OF  CUBIC  POLYNOMI AL/STANOARD  DEVIATION 

0*9mE9E-OI  0.79V6E  01  -C*2613E  (^4  U*275SE  06  / O.OtOS  (M) 

C*G*  VEL*  X'COMP*  (14/S):  311*  2B4*  236*  195*  157* 

coefficients  OF  CUBIC  P OLV NUMI AC/S TAND ARO  DEVIATIUN 
-U*1I63E  00  0*3I6IE  03  •C.2I23E  05  U.BOOBE  06  / 0*0C44  (M) 

PONCELET  drag  COEFF * ^ 0»94e 
VO  * 23B*  STANU*  OEVIA*  s 0*O0B4  (M) 

C*G*  VEC*  X-COMP*  (M/S):  322.  2B7 • 238*  199*  166. 


RECORDED  TIME  OF  MAX  I MUM/Ml NIMUM  COIC  VOCTAGE  (S) 

MAX  >000133  •*t«16Il  *U03Z29  *004892 

MIN  .000697  .0C2666  *004235  *006066 

COMPUTED  NOSE  PUSITIUN  AT  MAX/MlN  COIL  VOLTAGE  (M) 
at  max  0.030  O . So2  0*621  1.127 

AT  MIN  0*2oS  0*702  1*013  1*310 

RECORDED  COIL  PUSITIUN  (M) 


0*0  0*466 

OIFFcRENCE  BETNEEN  COIL  AND  NOSE 
at  max  0*036  0*016 

AT  MIN  G*2o5  0*216 


0.794  1*092 

AT  MAX /MIN  VOLTAGE  < M) 
0*027  0*035 

0.219  0*216 
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;>hOT 


( MAKCHt  t«76.  NO*  2 I 


i>ANO:  «£T.  OtNSlTV  APPNCACHiNG  VELOCITY:  333*  M/S 

projectile:  sOLIO  plat  nose  MASS:j«S446  kg*  0«0*C2  M*  L3C«22S  M 


1 

x^ray  station 

• 

o 

z 

NO.  2 

NO. 3 

NO.  4 

NDcS 

f 

TIME  (SECOND)  ....*•**.  *OCCUO 
CcNTLH  of  gravity  position  (M) 

•0006C5 

• 00  2066 

•003560 

*00541 

\ 

HCh12UNTAL  •****•••** 

-0*076 

0*131 

0*461 

0*706 

1*124 

VERTICAL  

0*069 

w *0  97 

0.  100 

0*100 

0*110 

INCLINATION  AN(SLE(UEG)* 
SbPARATlUN  ANCLE ( UE GREE } 

l*C 

l.S 

2*0 

3*5 

ABOVE 

16.0 

6.5 

6*5 

& 0 0 0 

«*»» 

12.0 

60S 

6*  0 

F.o 

V 

NOSE  HlSTH  (H  ON  FILM)* 
NUSE  PUS  IT  ION  <M) 

0 *0250 

0.0230 

0.0230 

0*0230 

C*C23( 

HLRl/UNtAL  *••*.*•*** 

Ot  37 

0.244 

0*574 

0*90  1 

1 *;'J7 

f 

VERTICAL * 

INPUT  NOSE  POSITION  (H) 

u*  004 

o .099 

0*103 

0*104 

0 . . 17 

HCRIZUNTAL  •**••*••*• 

0*037 

0 .246 

0*560 

0*9  10 

1*251 

I 

VERTICAL  

-0*131 

-0  ol23 

-0*116 

-J.l  17 

-0 .102 

( 

NOSE  VEL.  Y-LQMP*  IM/S): 

10* 

6. 

1* 

2. 

14* 

COEFFICIENTS  OF  CuUiC  POLYNOMI AL/STANOANO  DEVIATION 

0 0*1M>4L  02  *C*A22bE  04  0*54S0E  06  / 0*0006  (M) 

NOSE  VEL  * X -CQJP*  ( M.'S ) I 319*  266.  240.  196.  166. 

COEFFICIENTS  OF  CU6  1C  PULYNOMl AL/STANOARO  DEVIATION 
^O.AOJaE-OZ  O.JJbuE  03  -C.2426E  OS  O.lZOt'E  07  / 0.0C19  (M) 


NOSE  VEL.  OIRECTIUMOEG) 

1 *9 

1.  ) 

0.2 

0*6 

4*6 

SEPARATION  AN GLE( DEGREE )• 

RELATIVE  TU 

NOSE  VELOCITY 

ABOVE  •*••*• 

*444 

16*  1 

7.2 

7*1 

11*1 

below  **••*••* 

*4*4 

11.9 

7*6 

9*4 

3*9 

C*Gr  VEL*  V-COMP*  (M/S): 

14* 

7. 

c* 

0* 

13* 

COEFFICIENTS  OF  CUBIC  POLYNCMl AC/STANOARO  DEVIATION 

0.67S7E-01  0*164 SE  02  -0*67B5E  C4  0*68630  06  / 0*0007  (M) 

C.G*  VEL*  A-CQMP.  <M/6i:  319*  268*  240*  196*  169* 

COEFFICIENTS  OF  CUBIC  POLVNOMl AL/STANDARD  DEVIATION 
-U*1.69E  CO  0.J249E  03  -C*2421E  05  0. 1207E  07  / 0*0019  (M) 

PONCELET  DRAG  COEFF * » 0*937 
VO  > 240*  STANU*  OEVIA*  « 0*0u21  1M> 

C.G*  VEL.  X>COMP*  IM/bl:  324*  269*  240*  200*  166* 


LHOT  49 


ii4  KANCM*  1976* 


M0«  4 » 


SAHO:  MET,  OENSITV  :JeU!bO  e KO/MMMj;  APPI^OACHING  VELOCIT'*:  34C  * M/S 


PftooEcriu-:  solij  stcp-t 

:iER  MaSS:0,S646 

KG  • D*  0 r> 

02  M.  L»0,2J8  N 

X'RAT  STATIUN 

NO,  I 

NO,  2 

NO,  3 

4 

NO,  1 

TIME  (SeCONO)  

,UCU13C 

,»,Ot799 

,001904 

0C91C8 

CENTEfi  OK  CRAVIIV  PCiSir  IClN  (Ml 

HORIZONTAL  

-O*0v(« 

0,113 

0<  429 

0,774 

1.121 

VEHTlCAL 

0,104 

w , 1 1 1 

0,  1 16 

0.123 

O.I  52 

INCLINATION  ANCi(.£(  OLCI  • 
SEPARATION  ANGLc<OEOAEE 1 

3,U 

3,0 

5,S 

9,5 

lO.O 

AMOVE  •••• 

• «4* 

14,0 

I i,r 

13.0 

• »«4 

BELOM 

««■«» 

9,S 

6,0 

1*5 

»iOTH  (M  ON  FILMi, 
NOSE  POSITION  (Ml 

0 *02S0 

U, C23G 

0,0229 

0*0220  0 

,0220 

HCH 1 /OtNT  AC  9 f*  • 

0 ,032 

0,238 

u ,346 

i ,894 

1 ,24! 

V £R  TiCAL  • « 

ZNPCT  NOSE  PUSn*C.'4  (Ml 

C • I Iw 

0,117 

0,128 

0,1  4<' 

5,174 

MCK  Z20NTAL  •<  •*, 

0,0  3t# 

0,239 

S ,548 

0.90C 

1.25] 

VERTICAL  

-wall! 

— 0,1  C2. 

“0.090 

-tf,(*7J  - 

0,040 

NOSE  VEL,  T-COMP.  ( N/SI : 

1 I , 

10, 

•0, 

13, 

22. 

COEFFICIENTS  OF  CUBIC  POLTNUMIAL/sTANOARD  OBVIATION 

U,10B7E  00  0,llNbE  02 

'0,1476b  04  0, 

32S9E  06 

/ 0,w'CC3 

(HI 

NOSE  VEL,  X-COMM,  ( M/S I : 

118, 

297, 

263, 

221  , 

1 73, 

coefficients  of  cubic  PUlVNOmIal/STANOARO  OtViATIQN 

-0,9«64C-02  C,3227£  03 

'•0,IC43E  OS  0, 

233SE  *»6 

/ 0*6006 

(Ml 

NOSE  VEL,  OIRECI lONIUbOl 

2 a ^ 

1,9 

2.  1 

3.3 

7.3 

SEPARATION  ANGLE ( UEGNEE I 

, RELATIVE  TO  NOSE  VELOCITY 

ABOVE  

*♦  >3 

12,  V 

8,  1 

6,9 

*444 

BELOM  

»««« 

10,6 

9.4 

7,  r 

44*4 

C,G,  VEL,  V-COMP,  (M/Si: 

13, 

9, 

4. 

6, 

£8, 

COEFFICILNTS  OF  CUBIC  POLYNOMIAL 

/STANUaRD  PEVlATlOW 

U,I02IL  no  0«I44BL  02 

-0,33I4E  04  C,66I4E  C6 

/ O.OCC4 

(Ml 

C,G,  VEL,  X-COMP,  (M/Sl: 

J 1 6 • 

297, 

263, 

221. 

173, 

COEEPlCtENTS  OF  CUolC  POLTNuMi  AL/oTANOAF«D  OEVlAlIUN 
•Uel417E  00  -C«l590h  OS  0,16£>1£  06  / 0,0006  (M> 


PONCcLET  ORAO  CUfcPF • « 0,720 
VO  3 310,  STANC,  OEVIA.  «-■  w 
C,G*  VEL.  A'COMP,  < M/S  I ^ 31M 


0092  (Ml 
292, 


?9b. 


224, 


193. 
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I 


/ 


/ 


.SH.iT  MAKCH.  I«76.  NO.i  2 i 

&.ANO:  «e.T,  OENStTV’.2i«&U«  Kti/tfii  /PPROACHING  VCLOCiry:  326*  M/S 

pr«cjEcrii.2::  solid  stlp-tilm  mass:c*s63u  kc*  d»o.o2  m«  l<'.6,h3«  m 


X'  .)AV  station  NO.l 

TIME  (SECOND)  •<.••«••••  •JOLISA 

C^Nr^-.R  OF  CPAVI1V  POSIT  lUN  IMI 
HC^XZUNTAL  ••••••«.«••  -‘i•09^ 

0.06B 

INCLINATZON  ANGlEIOeCJ*  3.0 
separation  ANSLEIOcGREE  I 
ABOVE  • h ••«•••••«•• 

BELOW «•** 

NOSE  WIDTH  (M  CH  F1lM)«  U«D2eC 

nose  position  (M) 

HORIZONTAL  ••••••••••  0*03C* 

VERTICAL  ••••••••••••  u*09A 

INPUT  NOSE  POSITION  IM 

HORIZONTAL O.V27 

VERTICAL 


NO.  2 NO  3 HO*'*  NO.S 


.^uivi:o 

.003251 

.0L4836 

ie.2 10 

0.41B 

0.73S 

1.041 

Ib./Al 

OolOE 

O.IOS 

0.122 

*«•  »ww 

4.0 

e.5 

O.'S 

0.0 

16.0 

I2.D 

«w  «« 

4i)  S 

5.0 

1 .6 

*»)'/*«* 

V.  023J 

0.0230 

0.0230 

lb  ^231 

0.640 

0.855 

1.161 

ie.l2I 

0.123 

0.142 

««***« 

0.641 

0.658 

1.  164 

««4i9b« 

• D.  lie 

-0.005 

-D.ors 

SHOT  4t 


< 2&  KAHCH*  tf»76«  HO<r  5 ) 


SAHO:  MET.  0eNSiTv:20b0*  KG/M44J}  <tf>f>ROACHlHG  VELOCITY:  ZZO  • M/S 
PRUJLCTILE:  SOLIO  STLP-TIER  MA5biU*S64S  KG.  0«0.C2  M.  L«0.2:«a  M 


X-Ray  station  nc.i 

TIME  ISECONOI  ••••••••>  .wdOC93 

CENTER  OF  GRAVITY  HUbITiUN  iMI 
HORIZONTAL  ••••••••••  -0.091 

VERTICAL  0.060 

inclination  ANGLE(OEG).  I.O 
SEPARATION  ANGLE! OLGHt£  I 

AbOVE  4««* 

BELOW  444. 

NOSE  WIDTH  (M  ON  FILM).  0.0270 
NOSE  POSITION  I MI 

HORIZONTAL  ..........  0.031 

VERTICAL  0.096 

INPUT  NOSE  POSITION  I Ml 

HORIZONTAL  ..........  U.U29 

VENT 1C AL  -0.139 


NO.  2 

NO.  3 

NO. 4 

NO. 5 

.001858 

.003220 

.00483C 

18.210 

0.428 

0.767 

1.1C6 

18.241 

0.099 

0.105 

0.112 

44444 

1.0 

1.(1 

2.C 

4444 

5.0 

11.0 

13.'i 

4444 

4.C 

10.0 

13. 

0 .0233 

0.0230 

0.0230 

18.231 

0.550 

0.889 

1.228 

18.121 

0.102 

0.107 

0.  1 16 

444444 

0.SS3 

0.897 

1.241 

444444 

-<4.120 

-0.114 

-0.103 
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SHOT  4^ 


( 2t»  march*  t«76*  NO*  4 I 


I 


SANCl  M&Tt  OENSITV:^w6u  • RG/Mr«3j  .'>*PROACHINb  VCLOCtTV}  217.  M/t 
PROJuCTILS:  &ULIO  bT&P-TlEH  >4A:bS:«<  aSbAt  KC*  0>0«02  M«  l.«0«230  M 


I 


r 


f 


t 


X-HA7  station  NO«l 

riMi  <SecoNO)  

CLNTEH  OP  GRAVlTr  POSITION  (m: 
HCHI20NT(<i>  •••i*«*o«**  ‘*-0*09* 
VERTICAL 0.C92 

INCLINATION  ANCLEIttGI*  U»0 
SePAhATlON  ANGLE <Ck OR EE) 

AEUVE  •••••••••»•••«••  444* 

8£L0H  4444 

NOSE  «10TH  (M  ON  F1LM>«  w*02bJ 
NOSS  POSITION  IN) 

HC^iUONTAL  0«03t 

VERTICAL  •••*•«•■••••  w«092 

INPLT  NOSE  POSITION  IM) 

MLn120NTAL  ••••••••••  0*029 

V EKT  ICAL  ••••••••••»•  ~b*l 


NO*  2 

N0*3 

N0*4 

NO*  5 

4444444 

*004536 

*905263 

*007740 

16*210 

16*:: r 

0*709 

0*966 

16*241 

(6*241 

0*096 

0*107 

-4*9 

0 

• 

• 

1 

4444 

4444 

4444 

4444 

4444 

4444 

4«44  ■ 

4444 

4 4T-4  44 

444444 

0*0230 

0*0230 

1S*2S1 

16*53S 

o*nji 

1 *069 

Id* 12* 

(6*121 

0 *066 

0*090 

444444 

444444 

0*630 

1*081 

444444 

-0*136 

-0*133 

i' 
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&HUr 


( 29  MAHCH»  NO.  S ) 


SAHCl  meT.  OfcNSlTv:2050 
PftOJCCTltC:  b0l.iu  9Tte.P« 


• KC/li««*at  APPhOACHIKG  VELOCITY:  210.  M/S 
TIEM  MASSSC.&OAtt  KG.  Ob0.02  M.  L«V.236  M 


X-RAY  station 


T;LME  (SECOND) 

CCNTEM  OP  GRAVITY  POSIT 

HCRUONTAL  

VERTICAL 

IIVCLINATION  AN«L£(0EG). 
SEPARATION  ANGLEtULGNLE 

ABOVE  

BELOW  

NOSE  «10TH  (M  ON  PiLM). 
NOSE  POSITION  (Ml 

HCR120NTAL  

VERTICAL  

XN4>OT  NOSE  POSIT  IL'N  (M) 

NCRtlONTAL  

VERTICAL 


NO.l 

NO.  2 

NO.  J 

NO  .4 

NO. 5 

.W0&IA4 

ION  (M) 

<•003196 

• 005461 

• 0VBI4. 

IB.U IV 

IB. 210 

U.A37 

0.725 

0.9V7 

IB.2RI 

19.2AI 

0.098 

C . 1 0 1 

0.104 

**«i*<i 

1 

«««•* 

-l.O 

-6.0 

-7.9 

««•« 

3.S 

4444 

444* 

«*«• 

s.c 

4444 

**> 

»«««<•« 

V . C23w 

0.U230 

IB.OAC 

&E.23I 

0.969 

0.647 

i.ite 

1B.I2I 

IB.(2» 

U >096 

0.09U 

0.039 

«««•«« 

0.563 

0«B46 

1.114 

««•««« 

-0.127 

-0.133 

-0.135 

t»HuT  4* 


( cb  MARCH*  HOm  6 I 


SANc;  act.  otNS irv it6/M**dj  approach ehc  veiuoci tvs  2i,i*  m/s 

PROJcCTiLt:  buCiO  STtP-TlCr.  MA&b:0*u6S«  KQ,  0>U*02  M*  L«0*2Ja  M 


X-RAV  SrATlON  NO*  t 

TIMe  (SECOKO)  .OUCITJ 

CENTER  OF  CRAVllV  PbblT lUN  IMl 
H:>ilAONrAL  1T*«16 

VERTICAL  

INCLINATION  ANGf.ElLEbI*  C*L 
SEPAKaTIUN  ANOLblULCCLft I 

AtLVE  

0ELOA  WAMA 

MJbE  vlOTM  <N  ON  FlLMj* 

NOSE  POblTIGN  (oO 

HLRI20NTAL  ••••••••a*  I8*C40 

vertical  18.121 

INPUT  NOSE  POSITION  «MI 

HORIZONTAL  .<'••••«•••  «••**» 
VERTICAL  


NO*  2 

NU^3 

N0c4 

NU.S 

•*»**«* 

•JC3297 

.005650 

c0<.8421 

18.211. 

9 .428 

0.T32 

1*004 

10.281 

8 .C93 

8.C98 

C.104 

AAAAV  ' 

1*6 

-2.5 

—4*5 

4.C 

4.0 

3*0 

*A*« 

4*6 

5.0 

6.6 

C.OS30 

0.6230 

9.0230 

18.221 

9.S60 

0.854 

1.128 

18.121 

8.696 

0.C93 

0.095 

6.564 

0.656 

1.123 

-0.1S7 

-0.130 

•0  128 

161 


I 


»HuT  «i»  i tilt  Af*h.Lt  1976»  NO*  t > 


&ANc:  wer*  ot.NSiTYi«:c5o*  ku/mvaj;  approaching  veLOCirv:  21  o*  m/s 
PRGJtCriILt- ; SOClb  SriiP-TItH  MASS:0*S662  kg*  OsO*C2  M*  i.«Q*2Ja  M 


STATION 

NO*l 

NO*  NO*  3 

NO*  4 

N0*5 

TIME  (ScCONO)  OOC192 

CENTER  OF  GRAVITY  POSITION  CMl 

• 0(/123a  *003300 

*005620 

•000365 

HCRI20NTAL  ********** 

•“0  *067 

C.ltO  0*442 

0*742 

1*013 

VENTiCAL  

0*  1U4 

0*110  O.ltS 

0*110 

C . 122 

INCLINATION  ANGLEIUEGI* 

1*0 

1.0  2*5 

5*0 

A*0 

SEPARATION  ANGLEIUcGREE ) 

AdUVE  a************** 

**4« 

7*0  4*5 

0*5 

10*0 

0ELOV  *•***•***.»•*** 

«*•» 

«>•  5 3*5 

5*  0 

1*0 

NOSE  WICTH  (M  ON  FILM). 

U *p26U 

Ua0230  0*6230 

0*0230 

0.C23C 

NOSE  POSITION  (M> 

horizontal ««*.* 

0.C35 

u*232  0*563 

0.063 

1*134 

VERTICAL  •** 

0*  106 

0*112  0*121 

0*129 

0*135 

i INPUT  NOSE  POSITION  (Ml 

horizcntal  

0*034 

0*4^33  0 • S60 

Oe067 

1*133 

vertical  ••*** 

-0*116 

-0*106  -0*090 

-O*C09 

-0*002 

NOSE  VEL*  Y-COMP*  (M/Sll 

6* 

5*  4* 

3* 

2* 

Cafe.FFJC{bNTS  OF  CUUlC  VQLYNOMl AL/STANOARO  DEVIATION 

J*lt*S2C  00  O.bMGlt:  01  >0*G43v,b  03  O*036db  04  / 0.0003  0*t 

NOSE  VCC*  X-COMP*  IM/Si:  196*  179*  145*  113.  8A * 

coefficients  of  CUblC  POCVNUMIAL/STANOaRO  OEVIaTIUN 
>5  *32«)lc:-02  0*2wlOe  03  >0*^.>«2Se  04  0.2332E  06  / O.OOtl  (M) 


NOSE  VEL.  OIRECTIOMOEGI  1.6  1*6  l.S  1*4  1*2 

separation  ANGU:  ICEGREeI * RELATIVE  TU  NOSE  VELOCITY 


AEOVe  *•*• *****  *««•  7*6  3*6  4*9  S*2 

8£LU«  ««9«  4*9  4*5  8*6  5*0 


i C.G*  VEL*  Y>CUMP*  (M/Si:  b*  4*  2*  I*  3* 

I COEFFICIENTS  OF  COb  IL  PUL YNbMI AL/STANOARU  DEVIATION 

0.1029E  00  J.60TSC  01  -C.HS6E  04  0.72  5IE  05  / 0*^003  (Ml 

C.G*  VEL*  X-COMP*  (M/Si:  190*  179*  145*  113*  66* 

COEFFICIENTS  OF  COolC  PULYNOMl AL/ST AND aR O DEVIATION 
‘ -0*12S2c  00  w.2wl7£  t/3  -0.9772E  04  0.2296E  06  / 0.C0I2  (Ml 

PLNCELET  ORaG  CCEFF.  s 1.241 
VO  » 145*  STANL*  UEVIA*  ■ C.P134  IM) 

C.G*  VEL.  X-COHP*  IM/Si:  212.  103*  145*  117*  95* 


162 


£ oa  1«76«  NO*  3 ) 


SANb:  WET*  O&NSl Tr APPROACHING  VELOCITY: 
PNCJtrCTILE:  A*M»H*  MASS:0*Oail  NG«  0a0*02  M*  L> 


251*  M/S 
J*a7U  M 


X-KAT  STATION 

NO*l 

NO*  2 

NO*  3 

NO*4 

N0*5 

UMf.  < SECOND 

•U0CG9V 

*000  90  1 

• 0 CfiOCO 

•019317 

*06396 

CLNTEH  OF  GNAViTY  POSiTIGN  iMi 

HUCZQNTAL  • 

0*0  24 

0*152 

1B*S3S 

16*639 

19* 144 

VEHTiCAL  *.. 

0*  lit 

0 • 1 *a 

16*121 

16*121 

16*121 

inclination  ANClEIUECI* 
SC.PARAT1GN  angle  ( UEwNEE  1 

3*6 

13*w 

•*A«* 

A6UWt:  • • • r • « 

WWW* 

«0.0 

4*»W 

««•* 

««*« 

t^EoUW  •••••« 

«•«« 

1*0 

W4>»* 

«««« 

44«* 

NOSE  WIDTH  (M 

ON  FILMi* 

C*025U 

0*U230 

NC3E  POSITION 

(M) 

HCPI^ONTaL  • 

0 

la  • A &2 

16*635 

16*639 

19*144 

vertical 

u*  1 11 

L*1  16 

16* 121 

18*121 

10*121 

INPUT  NOSE  POSITION  I Mi 

hcrizunial  . 

0 *021 

0.141 

*»«•*« 

**«««* 

VERTICAL  ••• 

-0*110 

—0  *101 

0«4«''t« 

SHUT  47  i Ub  i9?9*  N(J*  3 I 


$anc2  «eT.  oeNSiTv:2«.!>u  • r*G/«*i»3;  ^ppsoAaaNa  velocitv; 
PPG Jk.CTll.iii  A*M«H*  MA&S:J«CdlJ  0»vi«02  M* 

X-PAT  station  ••••••••• 

TIMt  (SCCUNG* 

^CNTfcN  OF  GRAVITY  RDSlTI* 

HCRIZONTAL  •••«••••»• 

VERTICAL  

INCLINATION  ANGLEIULG)* 

SEP  AN  AT  C ON  ANGLE  1 Lc  GHEE  1 

ABOVE  

BcUkiE  »•••••««••••••• 

^-•'OSt  mOTM  (M  On  FlLMl*  ( 

NCSE  POSITION  (M) 

HCH12UNTAL  •••••••••« 

VERTICAL  •••••••••••• 

INPLT  N05E  POSnXGN  (Ml 

HORIZONTAL  

VERTICAL  • 


SS2*  M/S 
0,<]70  M 


NU*  i 

NO*  2 

N0*3 

NO  *4 

N0*5 

OOOOW3 

*OOC%70 

*009000 

*0191  V2 

*063951 

>N  CMt 
0*047 

C*ZT>4 

0*308 

18*339 

19. 144 

C*til 

0 *121 

0*164 

18*121 

18*121 

b*0 

20*0 

152*0 

***** 

*444* 

»«*• 

24*0 

«V4* 

**** 

4444 

w««« 

«««« 

• «** 

**** 

4444 

l*C2SG 

O*  02  3S 

0*  o22o 

****** 

444444 

0*037 

0 *244 

0 .398 

18*839 

19*144 

b*  111 

w*121 

U • 1 64 

18*121 

18*121 

0*037 

0*270 

0 *385 

444444 

0*1  IL 

■*0*0  VO 

•0*051 

444444 

1 

t 


/ 


S»10T  48 


( se  APRIL*  1976*  MO*  4 » 


SAMC:  WEI*  0ENSlTr:2o80 . KG/M**3»  APPROACHING  VELOCITY:  538*  M/5 
projectile:  A*M*H.  MaSS:C*U8W  kg*  0»0.02  M,  L>0*070  m 


X"SiAY  STATION 


HCRIZUNTAL 
VERTICAL  •« 


inclination  ANGLE(OEG)* 
SEPARATION  ANGLEf  uEGREE 

A80VE  

bELUW  •**•*• 

NOSE  WIDTH  (M  ON  FILM)* 
NOSE  POSITION  (Mi 

horizontal  

vertical  ..••••••*••• 

INPUf  NOSE  position  (Mi 
HCRIZUNTAL  •.••••*•*• 
VERTICAL  a*********** 


NO*  I 

NU*2 

N0*3 

NO  *4 

NO*  9 

•OUGISS 
ION  (Ml 

• wOl  200 

•008044 

•019969 

• 100001 

0*063 

18*231 

0.423 

18*839 

19*144 

0*101 

18*121 

0*076 

18*121 

18*121 

1 • M 

««««* 

*4*44 

4«««4 

1 

4«<«* 

4««* 

**** 

«««• 

00** 

*«*• 

0*0260 

0*0230 

«•««** 

V *063 

18*231 

W.423 

18*839 

19*  144 

0*  1 01 

18* 121 

0*0  76 

18*121 

13*121 

0*071 

0 *406 

-0*123 

—0  * 1 So 

( 


SHUT 


( U«  1970*  HO«  1 » 


SANC:  KET*  0ENS1TV:^6&(|  • APPROACHING  VELOCITY:  327.  M/S 

projectile:  SOLIU  $TLP~riER  MaSS:«J.S66U  kg.  0«O.VS  M.  L«0.23S  m 

X-RAY  STAUUN  •«•••• 

TIKE  (SECOND)  

CENTER  OP  GRAVITY  POSIT 

HCRITONTaL  

VERTICAL  

INCLINATION  ANGLt(OEC). 

SEPARATION  ANGLE! UE GKEE 

ABOVE  

BELOM 

NOSE  WIDTH  (M  ON  ElLMi. 

NOSE  POSITION  (MI 

HORIZONTAL  

VEi^TICAL  •••••••••••• 

INPUT  NOSE  POSITION  1 MI 
HCRIZONTAL  .••••••••• 

VERTICAL 


COEFFICIENTS  OF  CUtilC  POLVNOMIAL/STAND ARO  DEVIATION 

L.93aSE-0I  G.E6ASE  31  -0.1U72C  OA  L.A22AE  05  / 0»0C03  (MI 


NO.  1 

NO.  2 

NO. 3 

NO.  4 

NO. 5 

> .000127 
ION  (Ml 

.000760 

.0U1676 

.003220 

.004768 

. -0.093 

0.117 

0.426 

0.753 

1 .071 

0.093 

w .096 

C.105 

0.110 

0.1  16 

0.5 

j 

0.5 

C.5 

0.5 

-C.5 

I I.O 

10. s 

9.0 

a.o 

« *«« 

i 1.0 

7.5 

7.0 

10. ( 

0.0250 

0.C230 

0.0233  . 

0.0230 

0.02^0 

0 .029 

M.2J9 

0.546 

0.875 

1.193 

0.O94 

C.099 

0.106 

0*1  1 1 

0.  L IS 

0.027 

0.241 

0.550 

C.66w 

1.201 

-0.I3I 

-0.123 

-0.11s 

-0.109 

-O.IOS 

: «• 

7. 

5. 

3. 

1 • 

NOSE  VEL.  X-COMP.  1 M/S  I : 

334. 

305. 

263. 

223. 

192. 

COEFFICIENTS  OF  CUBIC  PULVNUMl AL/STANDARD  DEVIATION 

-0.I309E-U1  0.34M1C:  03 

-G.2362E 

06 

0.1163E  07 

/ 0.0016 

(M) 

NOSE  VEL.  OIRECTIUNIOEGI 

1.4 

1.3 

1.1 

0.6 

C.4 

SEPARATION  ANGLE!  DEGREE  I > 

RELATIVE  TO 

NOSE  VELOCl 

TV 

ABOVE  ««... 

«*•« 

lt.6 

1 1.  1 

9.3 

a«9 

BELOM  

«««• 

10.2 

6.9 

6.7 

9.1 

C.G*  VEL.  V-COMP.  (M/Si: 

9. 

7. 

5*. 

4. 

4. 

COEFFICIENTS  OF  CUBIC  POLVNOMIAL/STANOARO  DEVIATION 

0.9I9tiE-UI  0.VI2SE  Ot  -0.IA91E  04  W.I293E  06  / 0.0004  (MI 

C.G.  VEL.  X-COMP.  (M/Si:  334.  305.  263.  223.  193. 

COEFFICIENTS  OF  CUBIC  POLVNOMI aL/STANOARO  DEVIATION 
-0.I3SIE  00  0.34t^IE  03  -C.23B4E  05  0.I171E  Q7  / 0.0017  (M) 

PONCELET  crag  CUEFF.  • 0.622 
VO  > 334.  STAND.  DEVIA.  = 0.G02S  (MI 
C.G.  VEL.  X-COMP.  (M/Si:  334.  303.  262.  225.  194. 


RECOIU3ED  TIME  OF  MAXIMUM/MINIMUM  COIL  VOLTAGE  (SI 


MAX 

MIN 


.00C155 

•0OC7O5 


.001694 

.002773 


•V03I37 


.004656 

.0(15621 


COMPUTED  NCSE  PUSITIUN  AT  MAX/MIN  COIL  VOLTAGE  (M) 


AT  MAX  0.w39  (.554 

AT  MIN  0.21S  0.772 

RECORDED  COIL  POSITION  (M) 

0.0  0.467 


0.655 


172 

>353 


0.792 


1.065 


DIFFERENCE  BETWEEN  CUlL  AND  NCSE  AT  MAXFHIN  VOLTAGE  (MI 


AT  MAX 
AT  MIN 


C.U39 

0.215 


0.067 

0.265 


0.063 


0.086 

0.267 


166 


SHUT  eu  i 09  APCtlC.  1976*  NO*  2 ) 

sanl:  oensitv;*:usu  • kg/m»*3)  approaching  vecoczTv: 

PhUJUCTlLt:  SOLiU  STbP-TitH  MASSXuaSSUO  KG*  ObO*02  M* 


395.  M/S 
0*230  M 


X-RAY  STATION  

NO*  1 

NU.2 

N0*3 

N0.4 

HO. 3 

TIME.  (SECONOI  •••.••••• 

•COOIOS 

•OOC635 

•001579 

*002771 

*004288 

CENTER  OF  GRAVITY  POSITION  (Ml 

HORIZONTAL  •••••••*•• 

-D.095 

0*107 

0*430 

0*761 

1*119 

VERTICAL 

0.094 

0.099 

0*IC7 

0*112 

0.112 

INCLINATION  ANGLb(DEGI. 
SEPARATION  ANGLE! DEGREE  1 

l.S 

1*5 

2*C 

3*5 

7*5 

ABOVE  •.•....••*••••* 

«•*« 

to*o 

V.O 

IS.O 

BELOJ  •••*••••••••••• 

««•« 

1 1*0 

6*0 

9*0 

«••• 

NOSE  WIDTH  (M  ON  FILMI. 
NOSE  POSITION  (Ml 

C .0255 

0*0230 

0.0230 

0*0230 

0.0230 

HORIZONTAL 

C • 

0*229 

0.552 

0*902 

1.240 

V£FiT  iCAL  •••••«!•••••• 

iKPtT  NUSE  POSIT  lUN  iMi 

W.097 

0*102 

0.1 11 

O.1 10 

0*  i28 

HCmIZCnTAL  .*••**••*. 

0 *924 

0*229 

O.ttSS 

0*912 

1 *253 

VERTICAL ••••• 

-0*126 

-U*  119 

-0 .109 

• 1 0 i# 

-0*090 

NCSE  VEL.  Y-COMP*  (M/SIX 

12. 

10* 

a. 

6 • 

6. 

COEFFICIENTS  OF  CUBIC  POLYNUMIAL/STANDARO  DEVIATION 

0.9S67E-U1  0.12O7E  o2 

-0.I727E  04  0. 

I53IE  06 

/ O*0C03  (Ml 

NOSE  VEL.  X-CO^Po  (M/Si: 

392  * 

368* 

322. 

263* 

183* 

COEFFICIENTS  OF  CUBIC  POLYNOMIAL/STANOaRD  DEVIATION 

-W.15D1E-0I  ..3971E  U3 

-C..2302E  tiS  -0.2949E  06 

/ 0.0021  (Ml 

NOSE  VEL.  DIRECT I0N( DEG) 

1.7 

1*6 

1.4 

1.3 

1.9 

SEPARATION  ANGLE! DEGREE  I 

« RELATIVE  TO  NOSE  VELOCITY 

ABOVE  .*••**.*••***** 

*««« 

10*1 

6.4 

12.6 

below  **•*••...•••*•• 

WWW* 

10*9 

1 1.2 

C.G*  VEL*  V-COMP.  (M/Si: 

12. 

10* 

6. 

2. 

-2. 

COEFFICIENTS  OF  CU6 1C  POtLVNUMl  AU/STANDARO  DEVIATION 

0*92AaE*Cl  0.12JUE  02  '•0*2t73E  04  0*e.l4«E  OS  / 0*0C02  (M) 

C*G.  VEC.  X-COMP*  iM/Sl : 392*  360.  322.  263.  1B4. 

COEFFICIENTS  OF  CUBIC  P UL Y NOMl AC/S TANOARD  DEVIATION 
-O.lJ'dUE  00  C.3972E  03  -0.2304b  OS  -C.eTeSE  06  / 0.0C23  (M) 

PONCbLET  DRAG  CCEFF*  « 0*766 
VO  « 392.  STAND.  DbViA*  = 0.0IS6  (Ml 
C.G.  VEL.  X-COMP.  (M/Si:  392*  359«  312*  267.  226* 


RbCORCEO  TIME  OF  MAXIMUM/MINIMUM  COli.  VrcTACE  (S) 

MAX  •0Cwl.'4  .001566  *002465  .003804 

MIN  .00«/6w6  *002236  *003137  .004665 

COMPUTED  NOSE  PuSIl UN  AT  MAX/MIN  COIL  VOLTAGE  (Ml 
AT  MAX  0*034  0.550  0.825  I.I46 

AT  MIN  0.217  0.75£  0.996  1.307 

RECORDED  COIL  POSITION  (Ml 

O.O  0*467  0.792  1 uOB6 

DIFFERENCE  BETWiEN  COIL  AND  NOSE  AT  MAX/MIN  VOLTAGE  (M) 
AT  MAX  9.D34  0*063  0*033  0*060 

AT  MlN  0.^17  0*266  O.203  0*221 
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< AP(<IC«  t«76 


i 


r 


bHOT  61 


. MO.  3 » 


SANC:  W£T« 
;^*^OJIbCUUt: 


oeNSiTv:2USO.  K6/M**a;  approaching  vblocity:  ao2.  n/s 
: itULlO  STbRoTibR  Ha3S*w.S667  KC.  0au.02  M.  L«0.2Ja  M 


X>RAV  STATION  

TIN£  (SeCONO)  

CENTER  OF  GRAVITY  POSIT 
HCR120NTAL  •••••«•••» 
VERTICAL  ••••••••«••• 

INCLINATION  ANGLEIUEGI* 
SEPARATION  ANGLk;<bc.GREE 

ABOVE  

ftCLJV  •••••••••* 

NOSE  MIOTH  IM  ON  FILM). 
NOSE  POSITION  <M) 

HCR120NTAL  ••••••»••• 

VERTICAI.  

INPUT  NOSE  POSITION  IM) 
HCKI20NTAL 

VERTICAL 


NU.l 

NO*  2 

hO*  3 

Z 

o 

. 

4 

N0*S 

•Gooita 

;ON  IM) 

• 0 0t» 

.001S91 

•00249S 

.0C3B4I 

ie«oi9 

U*1  1 1 

16.S14 

0*667 

19*124 

16. 241 

w.i02 

IB. 241 

0.1  1 1 

ia.241 

1*  S 

4«««* 

6*0 

1 

14*0 

«»*4 

14.0 

***•- 

«•«« 

1 1*0 

6.S 

«««»»* 

0*0230 

0.0230 

444444 

IB.UAO 

0*233 

1B.S35 

o*7aa 

19.144 

la.iEi 

w * 1 OS 

ia*12I 

Or  124 

18*121 

0*234 

»«»*«<* 

0.7SI 

444444 

««««•« 

>0  *1 16 

•*4444 

-0*094 

444444 

V 
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( 10  APfilL.  1976t  NO.  1 » 


6<d 


SANC:  ORV*  OENSiTV: lo38.  KG/M»«3S  APPROACHING  VELOCITY:  210.  M/S 
PKOJcCTILL:  :>0LU*  STEP-TIC.P  HASS:u.SCt2  KG*  0«0.02  M«  L»0,P.ja  M 


X-RAY  STATION  

NO.  ! 

NO. 2 

NO. 3 

N0.4 

NC.S 

TIML  (SECCNOI  

.OOOjiBO  .wC1217 

.003251 

.005471  « 

C08136 

CtNTtK  OF  GRAVITY  POSITION  IM) 

HCkIZUNTAL  •••••••••• 

-G .094 

0 . I w V 

U.428 

0.708 

0.975 

vertical 

O.  1G6 

G.l  IS 

G.120 

0.126 

0.129 

inclination  ANGlEILEG). 
SEPARATION  ANGLE ( OcGREE i 

D.G 

0.0 

-1.0 

-3.5 

-5.5 

ABOVb  

***• 

6.5 

4.0 

3.0 

0.0 

UcLUtt  •••••••••.*•••• 

**0m 

s.  s 

6.0 

5.0 

3.0 

NOSE  SIOTH  (M  ON  FILM!. 
NOSE  POSITION  IN) 

0.02SG  O 

1*02^0 

0.0230 

0.0230  0 

• 023G 

HCRIeUNTAL 

0 .0  26 

0 * 2 3 i 

U.SSO 

0.829 

1 .096 

VERTICAL  

INPUT  NOSE  POSH  ION  IM) 

1 

0.1  IS 

C.118 

0.121 

0.  1 17 

HURIZONTAL  •••••••••• 

C * if 

U.23I 

C .£52 

0.828 

1.089 

vertical  

— O . 1 IB  — 

u . 1 OS 

-0.101 

-0.098  - 

0 . * 02 

NOSE  VLL.  Y-COHP.  (M/S): 

7. 

5. 

1. 

* 1 • 

-1  » 

COEFFICIENTS  OF  CUbIC  PUlYNUMI AL /STANUARO  OEVIAT 

ION 

U.IwSSE  OU  0.77sbE  UI 

-0.125SE 

04  0. 

S922F  05 

/ 0.0022 

(Ml 

NOSE  VEL.  X-CCMP.  (M/S): 

206. 

181  . 

140. 

110. 

94  . 

COEFFICIENTS  OF  CUE  IC  PULYNUMI AL/ ST ANOARO  DEVIATION 

— U.9  796E-02  U.2IU7E  G3 

-0.  I327E 

OS  0. 

S007E  06 

/ C.0044 

(M) 

NOSE  VEL.  OIRECTIUN(OEG) 

2.W 

1*6 

0.6 

-0.3 

-0.S 

SEPARATION  ANGLE! UE GRES ) 

. HELATIVE  TO  NOSE  VELOCITY 

ABOVE  

*0*m 

7.  1 

5.6 

6.2 

5.  0 

BELOW  ••••••••••••••• 

J.9 

4.4 

1.8 

•2.C 

C.G.  VEL.  Y-COMP.  (M/S): 

6 • 

5. 

3. 

2. 

•0  e 

COEFFICIENTS  OF  CUBIC  PUL YNUMI AL/STANDARO  DEVIATION 

U.lGSaE  Ou  C.64/3E  01 

-0.4V6wE 

U3  0. 

6752E  C4 

/ 0.0026 

(M) 

C.G.  VEL.  X-COMP.  (M/S): 

206. 

181  . 

140. 

111. 

94. 

COEFFICIENTS  OF  CUBIC  PULYNUMI AL/STANOARO  DEVIAT 

ION 

-0.I3ISE  00  O.islUSE  GJ 

-0. 1326E 

OS  U. 

S005E  06 

/ 0.004S 

(Ml 

poncelet  drag  COEFF.  ■ 1. 

•ail 

VO  « 14G.  STAND.  OEVIA. 

= 0.C02d 

(M) 

C.G.  VEL.  X-COMP.  (M/S); 

210. 

180. 

140. 

113. 

92  . 

bHuT  64 


( 10  APftlL*  1976*  NO*  3 ) 


SANCj:  UMVt  UcNSlTYlit>06*  KS/MWVJS  APPPOACHINC  VELOCITY:  200*  M/S 
PLuJcCTlLC:  dOLlU  ;»TeP-TILA  MASS:  w t £06,.’  KG*  0*0*02  M*  L*0*23S  M 


X-RAY  station  

NO*  I 

NO*  2 

N0*3 

N0*4 

• 

O 

z 

TIME  ( SECOND » •*••*•••*  *000155 

CENTcR  UF  GRAVITY  PtiSlTlCiN  (Ml 

«wCi  196 

*003199 

•005730 

•00 5556 

M0R120NTAL  ********** 

-0*099 

0*100 

0*415 

0*722 

0*99C 

VERTICAL ***** 

w *102 

0*110 

0.114 

0*117 

0*121 

INCLINATION  RNGLEsUEGI* 

2.W 

2*0 

2.0 

2*5 

2*5 

SEPARATION  AnGLE(OEGREE  1 

ABOVE  

*««• 

5*0 

6*0 

5*0 

bELO«  a************** 

»•*« 

6*0 

4.0 

3*0 

3*0 

NOSE  WIDTH  (M  CN  FILMI* 

0*0260 

0.0240 

0*0230 

0*0235 

0*0240 

NOSE  POSITION  (Ml 

HCRI20NTAL  ********** 

0*023 

0*221 

0*536 

0*844 

1*112 

VERT/ CAL  

0 * lu6 

0*1  14 

0*115 

0*122 

0*126 

INPUT  NOSE  POSITION  (Ml 

HORIZONTAL  * 

0*019 

0.22C 

0*637 

0*B45 

1*106 

VERTICAL  *•*•**••**** 

-0*117 

-0*106 

-0*101 

-0*096 

-0*091 

NOSE  VEL.  Y-COMP.  (M/SI: 

7* 

5* 

2* 

I* 

3* 

COtPPIClfcNTS  OF  cuuic  polvnomial/stanoard  deviation 

U.IlSaE  00  0*7b76&  01  -0*126SE  U«  w*7a7SE  05  / 0*0015  (M) 

NOSE  VEL.  X'COMP*  4M/6):  202*  175*  130*  106*  55* 

COEFFICIENTS  OF  CUolC  POLYNUMI AL/STANOARO  DEVIATION 
>C*7«6SE>02  0.2066E  03  -0«1243E  OS  0.431IE  06  / 0*0005  IMI 


NOSE  VEL*  0INEC71ONI0E0)  2*0  1*6  0*5  0*4  2*1 

separation  ANGLEIOEOREE I « RELATIVE  TO  NOSE  VELOCITY 


ABOVE  a**************  •»»«  5*6  3*5  3*9  4*6 

BELOM  a**************  •*»«  6*4  5*2  5*1  3*4 

C*C*  VEL*  Y-COMP*  (M/Si:  S*  5*  2*  1*  4* 


coefficients  of  CUBIC  POLYNOMIAL /standard  DEV!aTION 

OalUlVE  00  0*5031E  01  -UalASAE  04  0*V274U  0^  / 0*0015  (M) 

C*G*  VEL*  K-COMP*  IM/Si:  202*  175*  139*  106*  57* 

COEFFICIENTS  OF  CUb  IC  POLYNbMI AL/STANOARO  DEVIATION 
>0*129WE  00  0*2w67E  03  -0*1243E  05  0*43036  05  / 0*0012  (Ml 

PONCELET  DRAG  CGEFF*  * 1*900 
VO  « 139*  STAND*  OEVIA*  * 0*0063  (Ml 
C*6.  VEL*  X-COMP*  (A/Si:  212*  160*  139*  106*  57* 


RECOROEO  TIME  OF  MAXI MUM/ MINI MUM  COIL  VOLTaCE  (SI 
MAX  *000124  *003(>«4  *005621  *005709 

MIN  *001164.  *004656  *007516  *011056 

COMPUTED  NOSE  PUSITIUN  AT  MAX/MIN  COIL  VOLTAGE  (Ml 
AT  MAX  0*017  0*515  U*S32  1*133 

AT  MIN  0*216  0*7*^4  1*019  1*330 

RECORDED  COIL  POSITION  (M) 

0*0  0*466  0*791  1*066 

DIFFERENCE  BETVbEN  CUIL  AND  NOSE  AT  MAX/MIN  VOLTAGE  (Ml 
AT  MAX  0*017  0*029  0*041  0*047 

AT  MIN  0*216  0*236  0*226  0*244 
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&Ht*T  »6  ( tW  APHKCt  1976*  N0«  4 ) 

SANC:  OMV»  DeNSirv: 1546*  Ka/M««J»  APPROACHING  VECOCITV:  2U6.  H/S 
PRO  JfvCTILE : SOLID  Srt»'-TIEP  MASStw>S65J  KQ,  C*&.02  M>  L«C*23e  M 


I 


I 

k 

» 

[ 


X-RAV  STATION  *•••••••• 

NO.  1 

NO*  2 

N0.3 

N0.4 

NO.  5 

TIME  (SECONOl  

.U002C2 

•001242 

•0C3283 

•005614  • 

(^C66ie 

center  of  gravity  POSITION  (Ml 
-0.095 

0.100 

Q .41 1 

0.713 

0.979 

VERTICAL 

0 * lob 

3.112 

w.  1 16 

0.122 

0.115 

INCLINATION  ANGLE(E.EG1. 

0 .0 

0.0 

0 

• 

1 

0 

• 

1 

-5.5 

SEPARATION  angle!  UC.GREE  1 

A6UVE  •.••*.•••*•**•• 

«««4 

4.5 

6.5 

44*4 

1.0 

6EU96  

44*4 

5.0 

2.5 

*4*4 

7.0 

NOSE  WIDTH  (M  ON  FlEMl. 

w *02  5C 

0.023u 

0.0230 

0.0220  0 

• C22C 

NOSE  POSITION  (Ml 

HCR120NTAE  * 

0*027 

W.222 

U.S33 

0.634 

1.097 

VERTICAL  •••«. 

V * 1 05 

0.1 12 

0.114 

0.1  12 

0.104 

INPOT  NOSE  POSITION  (Ml 

HCRI20NTAE  ...o...... 

0.M24 

W.221 

0.533 

0.634 

1.092 

VERTICAL  •.•*•••*<*•• 

-0.117 

-W.lOS 

-0.106 

-0.106  - 

C.l  17 

NOSE  VEL.  Y-COMP.  ( M/S  1 i 

6 • 

4. 

C. 

-3. 

COEFFICIENTS  OF  CUBIC  POLYNUMlAL/STANOARO  DEVIATION 

0.1046E  00  0.6631E  01  -0.1271E  C4  0.S663E  05  / O.OOIS 

(Ml 

NOSE  VEL.  X-CCMP.  (M/Si: 

197. 

174. 

136* 

103. 

67. 

COEFFICIENTS  OF  CUbIC  POLYNOMl AL/S TANU ARO  DEVIATION 
-0.1262E-01  0.2u24£  03  -0.1232E  05  C.4362E  C6  / 0.CC2S 

(Ml 

NOSE  VEL.  DIRECT  ION  ( OlGI 

1.8 

1.2 

0.  I 

-1.3 

“1.7 

SEPARATION  ANGLE (UECRcE 1 
ABOVE  

* RELATIVE  TO  NOSE  VELOCITY 

4*44  5.7  6.6  4*4* 

4.6 

BELOW  

*4*4 

3.8 

0.4 

*444 

3.2 

C.G*  VEL.  Y-COMP.  (M/Si: 

5« 

5. 

3. 

-0. 

-5. 

COEPP1CIE.NTS  OF  COblC  PCLVNOHI AL/STANDARD  0£:VtAT10N 

ti«lW47E  00  d«b441E  dl  •0«.l47dE  03  >W.  1907E  09  / t>*CC13  (M> 

C*G«  VEL«  X*COMP«  iM/Si:  197.  174*  136*  104.  67. 

COCFPlClfcNTS  OF  COblC  POLVNOMl AC/ST/ NOARO  OEVIaTZON 
>O.I34dE  00  0.2O23E  03  05  C.4J19f:  06  / U.0026  (M) 

PUNCLCET  DRAG  COE7F.  « 1.694 

VU  • 136.  STAND.  DLVIA.  x 0.v046  (Ml 
C.G.  VEL.  X-CQMP.  (M/6l:  205.  175.  136.  106.  66. 


RECORDED  TIME  OF  MAxIMUM/MINIMUM 
MAX  .COOlxi, 

MIN  .001242 

COMPUTED  NOSE  PUSITIUN 

at  max  0.015  b.514 

AT  MIN  0.22C  0.726 

RECORDED  COIL  PuSlTlCN  (Ml 

0.0  0.466 

BET keen  CCIL  AND  NCSE 


COIL  VOLTAGE  (SI 
•0C3137  .Uw5730  .008602 

.004645  .007600  .011211 

AT  MAA/MIN  COIL  VOLTAGE  (Ml 


DlFFcREHCE 

AT  MAX 
AT  MIN 


AT 


0.015 

0.22C 


0.0  26 
0*242 


0.625 

1*013 

0.791 

MAX7MIN 

O.034 

0.222 


1.119 

1.323 

1 .066 

VOLTAGE  (Ml 
0.U33 
0.237 
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( Hi  aPAIL*  1976.  NO.  8 1 


SANO:  DRV.  U^NSITV: ISJtt.  KC/M**3:  APPROACHING  VCOOCITVI  329.  M/S 
Pf«D<>k.CTlLe:  SQLIU  ^TbP>TIt,R  MASSZb.SSS;^  KG.  OaU.02  M.  U«0»236  M 


X-RAV  STATION  

NO.  1 

NO.  2 

NQ.3 

NO.  4 

NO.  5 

TIME  (SECONOi  

.006166 

.uOGazo 

.001919 

•003263 

•004608 

CENTER  OF  GRAVITY  POSITION  (Ml 

horizontal  

•W.U89 

U.IC6 

U.376 

0.652 

0.880 

VERTICAL  ............ 

0.  166 

6.  I 12 

0.117 

0.120 

0.  119 

inclination  angleiuegi. 

SEPARATION  ANGLC ( DEGREE i 

O.U 

U.6 

-1.0 

-2.5 

1 

• 

o 



««»• 

7.0 

S.O 

»««« 

2.0 

BELUA  .....a 

«w»« 

5.5 

S.C 

4**4 

4.U 

NOSE  WIDTH  (M  ON  FILM!. 
NOSE  position  (Mi 

0.0266 

0. 6230 

0.0230 

0.0230 

0.0220 

HLkIZONTAL  •.•••••••• 

U.633 

U.228 

0 .498 

0.774 

I.OOI 

VEhTICAL  ••••••••••.. 

INPUT  NOSE  PUSITlCiN  (Mi 

0.106 

0.113 

C.l  16 

6.115 

0.108 

HORIZONTAL  

6.w32 

6.2  28 

0.493 

0.764 

0.987 

VERTICAL 

-6.116 

-0.407 

>0.105 

-0.106 

-0.112 

NOSE  VEL.  Y-COMP.  (M/Si: 

16. 

6. 

1. 

-3. 

-4. 

COEFFICIENTS  OF  CUbIC  PULVNuMl AL/ST ANDARO  DEVIATION 

U.1C47E  00  0.112UE  62 

-0.3321 

E 64  6. 

2366E  06 

/ O.UCl 

7 (Mi 

NOSE  VEL.  X<-COMP.  (M/Si: 

314. 

281  . 

226. 

174. 

126. 

COEFFICIENTS  QF  CUbIC  POLYNOMl AL/S T ANDARO  DEVIATION 

-0.2419E«>G1  U.324SE  63 

-6.27946  65  C. 

1012E  07 

/ 0.0069  (Mi 

NOSE  VEL.  OIhECT ICNlDEGi 

1 .8 

1.  3 

0.3 

-1.0 

-2.0 

SEPARATION  A^GLElLEGREE i . 

> RELATIVE  TO  NOSE  VELOCITY 

ABOVE  

• 4** 

7.8 

6.3 

4444 

5.0 

below 

«**• 

4,  7 

3.7 

4444 

1.0 

C.G.  VCL.  Y->COMP.  4M/Si: 

9. 

7, 

'4. 

0. 

-2. 

C0EPPIC1E.NT6  OF  CUbIC  PUCVNOMl AL/STANOARO  DEVIATION 

u.luAbC  00  0.96J2E  01  -0.1919E  04  0.V9S8E  OS  / 0.C006  (Ml 

C.G.  VEC.  X>CQM«>.  (M/Si:  SIA.  2«0 . £28.  174.  126. 

COEFFICIENTS  OF  CUbIC  POLVNOMlAL/STAHOARD  DEVIATION 
-J.1462E  UC  0.0£<»JE  00  >O.2aO0E  OS  0.1020E  C7  / 0.0069  (Mi 

PONCECET  drag  CUcFF.  « 1.760 
VO  « S14.  stand.  CEVIA.  > 0.C133  (Mi 
C.G.  VEL.  X-COMF.  (M/si:  314.  273.  223.  182.  ISO. 


RECORDED 

max 
min 

COMPUTED 
AT  MAX 
AT  MIN 

RECCROcD  coil. 


TIME  OF  MAXINUM/MINIMUM 


difference 

AT  MAX 
AT  MIN 


• 00c)>24 

• O0(/714 
NOSE  PDS1710N 

0.0  lb 
0.104 
POSIT  ION 
0.0 

between  coil 
0.016 
0.104 


•0W19S7 
.O029S0 
at  MAX/MIN 
O.Sll 
0.71S 
(Mi 

0.486 

AND  NOSE  AT 
0.0  26 
0.229 


COIL  VOLTAGE  (SI 
•003571  .008839 

.004  762  .007298 

COIL  voltage  (Ml 
0.824  1.118 

0.995  1.248 


0.791 
MAX/MIN 
0.C33 
O.20  4 


1.086 

VOLT ACE  (Ml 
0.0  32 
0.162 
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bHuT  97  < 1C  APfill.*  I976t  NO.  6 1 


SANO:  ORVt  OCNSITV:  KWM*«3t  APPROACHiiNG  VELCXZITY:  190.  M/S 

PNOJECTlUb:  sotlb  STLP*TlEf«  MASSIO.SSS.  KG.  0^0.0^  M.  |-»C.230  M 


X-RAY  STATION 

NO.l 

NO.  2 

NO.  3 

NP.4 

NC.S 

TIME  1 SECOND  1 

•000279 

•001422 

.003090 

.00SS12  . 

0084..  9 

CENTER  OF  GRAVITY  POSITION  (Ml 

HCUI2UNTAL 

>0.0B7 

0.1  17 

Oo396 

0.664 

0.934 

VERTICAL 

0.  lOU 

Owl  C8 

w i>  1 1 3 

C.l  19 

V.  142 

INCLINATION  ANCLE! DEG). 
SEPARATION  ANGLE! DEGREE  1 

1.0 

1.0 

3.0 

8.0 

to.s 



*«4» 

3.  5 

2.5 

«««* 

i.r 

(3ELOW  ........a..  .... 

• 4«« 

4.S 

!>.C 

l.F 

NOSE  WIDTH  !M  ON  FlLMl. 
NOSE  POSITION  (Ml 

U.02SU 

U. 0230 

0.0230 

0.C240  0 

.02SC 

HCHIZONTAL  

0 .C3S 

0.239 

0.477 

0.78S 

1.0S4 

VERTICAL  

INPUT  NOSE  POSITION  (M> 

0.  Ib2 

0.  1 lU 

0.119 

O'  • 1 36 

C.  164 

HCRI20NTAL 

0.034 

0o241 

0.469 

0.774 

1 .032 

VERTICAL 

•0. 12i 

>G.  110 

-0. lOU 

>0.080  - 

0 .044 

NOSE  VEL.  V-COMPo  (M/Si: 

7. 

6 • 

6 • 

8. 

12. 

COEFFICIENTS  OF  CUBIC  PULYNOMIAL/STANDARO  CEVIATION 

O.lOOtiE  00  C.6977E  01 

-0.-»SS0E  03  0. 

616SE  OS 

/ 0.0009 

(Ml 

NOSE  VEl..  X-COMP.  (M/Si: 

160. 

162. 

139. 

169. 

79. 

COEFFICIENTS  OF  CUBIC  POLYNOHI AL/STANDARO  OEVIAT 

ION 

-0.1329E>C1  C.1042E  03 

-O.TOdaE  04  0. 

13B8E  06 

/ 0.0098 

(Ml 

NOSE  vet*  DIPecTlONlUCGl  2.1  2.1  2.4  4.C  0.9 

SEPARATION  ANGLE!  OCiGPbeio  RELATIVE  TO  NOSE  VELOCITY 


ABOVE  .••..««.••«•••• 

*44* 

4.C 

1.9 

4*44 

-0.  1 

below  

«««« 

3.4 

S.6 

44*4 

3.  1 

C.G.  VEL.  Y-COMP.  (H/Si: 

8 • 

S. 

2. 

4. 

14( 

COEFFICIENTS  OF  CUb 1C  POLYNOMI AL/STANOARO  DEVIATION 

0.9773E-01  O.VSbbF.  Oi  -0.2964E  OA  G.1034E  00  / 0.0007  (Ml 

C.G.  VEL.  X-COMP.  IM/Sll  179.  102.  139.  109«  79. 

COEFFICIENTS  OF  COblC  POLYNOMl AL/SVANO ARO  DEVIATION 
•^O.IJSIE  00  O.ieSbE  03  -C.7b61E  04  O.1290E  0(  / 0 .0099  <M> 

PONCELET  DRAG  CDEf F • x 1.604 
VO  “ 139.  STAND.  UEVlA.  « 0.U167  IN) 

C.G.  VEL.  X-COMF.  IM/S):  190.  165.  139.  113.  92. 
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SHUT  APRIL*  1976*  NO.  1 ) 

SANC:  URT*  OhNSirv : 153b.  KG/N*«3S  APRRUACMInS  VCLOCITV:  334*  M/S 
PR03bCTiU.L:  SOLIU  bT&H-TliiR  MA5SS;).&647  KG*  O«0*02  H*  L«0*23a  M 


t 

X-RAV  STATION  

(40.  I 

NO*  2 

NO*  3 

N0*4 

• 

O 

z 

{ 

V 

t 

TiMh  ( SECOND  1 *0001^7 

CENTER  Of  GRAVUV  PQ^ITIGN  <Ma 

•00C76U 

.001975 

.003404 

• C0S10( 

HCR12UNTAL  .••••••*•• 

-W.U91 

0 *066 

0.361 

0*643 

0.914 

1 

VERTICAL  

U *U9S 

u c u SG 

0.102 

0*104 

0.106 

i 

INCLINATION  ANGLE(DeGI. 
SEP  an A r I ON  angle ( 06  GREE I 

0 *U 

0*0 

o 

* 

o 

t 

• 

o 

-2.5 

! 

A60VE  .••«.**•**••«•• 

««•« 

3.0 

2«S 

2oS 

bcLUM  ••*•«•••••.•••• 

«4>»» 

6*5 

4*0 

«*** 

5.0 

1 

NOSE  WIDTH  (M  ON  FILMI. 
NOSE  POSITION  (Ml 

w>  .U26W 

L*u230 

O.0240 

0*0240 

0.0240 

f 

horizontal  

0*031 

V *208 

0*503 

0*765 

1.0  36 

i 

vertical  

INPUT  NOSE  POSITION  (Ml 

0 # 0^£> 

6#  • Cl  9G 

0*102 

0.102 

0.  102 

' 

HCHI/UNTAL 

0 *020 

C*20f> 

0.497 

0.75U 

I.OIS 

i' 

i: 

VERTICAL  ••••.••*.*•• 

-5.131 

-0*124 

-0*120 

-0.120 

-0. 120 

I 

\ 

NOSE  VEL.  Y-CUMP.  (M/SIl 

7. 

4. 

1 • 

-0. 

0. 

CO^FP iCtLNTb  OF  cubic  PULVNOM4AL/STANOARO  OEVlATION 

0.94C7E-UI  J.72u7b  01  •U.1977E  W4  u.lTlSF.  06  / 0.UC07 

NOSE  VEL.  A-COMP.  iM/Sll  303.  266*  212.  170*  1 

COEFFICIENTS  OF  CUfalC  PULYNOMI aL/STANO A«0  DEVIATION 
-a*lu60E-0l  Cl*3tl3b  03  >0.3136E  05  C.2U70E  07  / 0*0068 


NOSE  VEL*  DIRECT lONiOEGI 

1 *3 

1.0 

0.4 

-0*1 

0*2 

SEPARATION  ANGLE(UEGREE 1 

* HELATIVc 

TO 

NOSE  VELOCITY 

ABOVE  

4«*4 

4.0 

2.9 

5*2 

* 

*««!« 

5*  5 

3*6 

w**« 

2*3 

C.G.  VEL.  V-COMP*  (M/Si: 

6* 

A • 

2* 

1* 

3* 

COEFFICIENTS  OF  CUBIC  PULTNOMI AL/STANUARO  DEVIATION 

0.942VE-0I  U.b2JvE  01  -Q.1423E  04  0<>I38SE  06  / 0*00C4  (Ml 

C*G.  VEL*  X-COMP*  (M/Si:  303.  266.  212*  170.  153. 

COEFFICIENTS  OF  CUbiC  PULYNCMl AL/5TAN0 ARO  OCVIaTION 
-0.I326E  00  0.3112E  03  -0*3I36E  05  0.2074E  07  / 0*0066  (Ml 


PONCELET  DRAG  COEFF • « 1 
VO  s 212*  STAND.  OEVIA* 
C.G.  VEL.  X-COMP.  (A/Si: 


>913 

» U.0066  (Ml 
311.  267. 


RECCKOEO  time 

MAX  .000155  .001916 

MIN  .000745  .002929 

COMPUTED  NOSE  POSITION  AT  MAX/Ml 
at  max  0.037  Ct.4b5 

AT  MIN  0*2oS  0*664 

RECORDED  COIL  POSITION  (Ml 

u *0  O .466 

difference  between  coil  and  nose 

at  max  0.037  -O.OCl 


MAXI  MUM/ mini MUM  CCIL  VOLTAGE  (SI 


.001916  .U03494  .005516 

.002929  .004801  *007075 

AT  MAX/MIN  COIL  VOLTAGE  (Ml 
0.465  U.762  1.100 

0.664  0.990  I*3SS 

(Ml 

0.466  3.810  1.066 

AND  NOSE  AT  MAX/MIN  VOLTAGE  (Ml 
-O.OCl  -0.026  0.014 


AT  MIN 
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bHOT  6V  ( 2£  APRIL*  1976,  NO*  2 1 


SANO:  OAV*  density: 1636 
PAb3liCTa.E:  SQUiO  STEP- 


, KC/M««3*  APPAOACHlNa  VELOCITY:  33S*  M/S 
TIER  MASS:0*S6«9  KG*  OsG*0£  M*  L«0*236  K 


X-RAV  STATION  

NO.  I 

NO.  2 

N0.3 

N0.4 

z 

o 

m 

ill 

TIME  (SECOnOI  

CENTER  UF  GRAVITY  POSITION  (Ml 

•00079S 

.002050 

•003491 

•005696 

HCR120NTAL  

-U.C01 

C.097 

0.396 

0.6A0 

C.9B9 

VERTICAL  •.••••..**•• 

0.106 

0.  100 

u • 109 

0.115 

c.ice 

inclination  ANGcEiLEGl. 

0.0 

0.5 

-1.0 

-3.5 

-4,5 

separation  angle ( UE GREE 1 

ABOVE 

»«** 

6.S 

3*5 

2.5 

2.C 

6EL0W  .••••••••*••••• 

«*«* 

6.  5 

5.0 

6.  0 

7. 

NOSE  WIDTH  (M  ON  FlLMl. 

0 .0240 

0.0230 

0.0220 

0.0220 

0 • Ot  4 C 

NOSE  POSITION  (Ml 

HORIZONTAL  •••••.*•.• 

0.041 

0.2)9 

0.516 

0.002 

i.iit 

VERTICAL  

0.  1U6 

0.109 

0*107 

0.107 

0 «09E 

INPUT  NOSE  POSITION  (Ml 

HCR1/.ONTAL  ••••••••.« 

C.042 

0.217 

0.517 

0.798 

1 .IC9 

VERTICAL  

-0.116 

-0.112 

-0.113 

-0.113 

-0.122 

NOSE  VEL.  Y-CQMP.  (M/Si:  2.  1*  -(••  -2. 

COEFFICIENTS  OF  CUBIC  PULYNOMIAL/STANO ARO  DEVIATION 

-6. 

0*10S9E  OG  0.216UL  01 

-0.2S30E  03  -0. 

2995E  05 

/ 0.0017  (Ml 

NOSE  VEL.  X-COMP.  (M/Si: 

277- 

2S7. 

219. 

175. 

liCS. 

COEPFICiENTS  OF  CUBIC  POEY NOMI aL/:>TANO ARO  DEVIATION 

0*5737E-02  (i*£6w£e  C3  -0.i«69E  OS  -0*9062E  OS  / 0*0016  (Ml 


NOSE  VEL.  OIHECTIUN<OEGl 
SEPARATION  ANGLE! DEGREE  1 • 

0.4 

RELATIVE 

0.3 

TO 

-0.0  -0.7 

NOSE  velocity 

<u 

. 

1 

ABOVE  

*«** 

6.3 

4.5 

5.3 

3.3 

bELOW  •••••••••••.«•• 

•««* 

6.7 

4.0 

3.2 

5.7 

C.G.  VEL.  Y-COMP.  (M/Si: 

-0. 

2. 

3. 

2. 

-9. 

COEFFICIENTS  OF  CU92C  POLYNOMl AL/STANOAAO  DEVIATION 

0*1062E  00  -0*100*i£  01  0*£109E  04  -0*3305E  06  / C*0014  ( M) 

C*G«  VEL*  X-COMP*  (M/Si;  £76.  267.  219*  17S*  105* 

coefficients  of  cuEic  pulyncmial/stanoaro  deviation 

-0*1163E  00  0.2601E  03  -0.14S1E  CS  -0.9933E  OS  / 0*0016  (Ml 

PONCELET  drag  COEFFc  a 1*667 
VO  a 219*  stand.  PEVlA.  a Q.02Y6  (Ml 
C*G«  VEL.  X-COMP.  (M/S):  314.  273.  219.  179.  140. 


RECCROEO  time  OF  MA A| MOM/MI NI MUM  COIL  VOLTAGE  (S) 

MAX  .000062  .001916  .003500  .OOS466 

min  .000739  .003000  .004039  .C0720S 

COMPUTED  NOSE  POSIT  ION  AT  MAX/MIN  CUlL  VOLTAGE  (Ml 


AT  MAX  ,0.023  0.460  0.004  1*007 

AT  min  / 0*2oS  0*713  1*010  1*233 

RECCROEO  CQIii  POSITION  (Ml 

I 0*0  0.406  0.010  1.006 

difference  between  coil  and  NUSE  at  MAX/MIN  VOLTAGE  (Ml 
AT  MAX  0.U23  (i.002  -0.006  0.001 

AT  MlN  / 0.205  0.227  0.200  0.147 


difference 

AT  MAX 
AT  MlN 
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^HUT  (bl 


i Zi  APftlL,  1976*  NO*  « I 


t 

r 


SANOl  ORV«  U^KSiTY:  16j6«  i APPROACHING  VELOCITY:  336*  M/S 

P(«U^ECT1LE:  ^TLP-TIEM  MAS&:w*S636  kg*  M*  Ls0«238  M 


j X-RAY  STATlOr.  a**.**.** 

NO*  1 

NO*2 

NO  *3 

N0*4 

NO  *5 

» riME  (SECOND)  

i CENTER  OF  CRAVlrV  POSITION  (M) 

*909783 

* 0 02059 

•C03509 

• C0571. 

M HCK120NTAL  ********** 

-9*067 

0 *968 

0*388 

9*669 

0*973 

^ VERTICAL  *•*•«***••** 

9*107 

9*105 

0*11  1 

0*108 

1 inclination  ANClE(DEO)* 

U * 9 

-0.5 

- 1*5 

-4*5 

-4.5 

SEPARAT.’CN  ANGLE  I DE  GREE  ) 

ABOVE  

«*»• 

6*0 

4*0 

2*0 

bELUt  

4«4» 

8*  9 

7.0 

8*0 

8*0 

t NOS>-.  MlJTS  (M  ON  FILM)* 

w *9259 

9*0230 

0*0230 

0*0230 

0*0235 

» NOSE  POSIT/ON  (M) 

' HCRieor.TAL  

9*935 

9*219 

9 *510 

0*790 

1.094 

. vertical  

0*197 

0*192 

0*102 

0*102 

0*099 

5 INPUT  NOSE  POSITION  JM) 

1 horizontal  

0.0J4 

9*207 

0*507 

0*783 

1*086 

' VERTICAL  

-9*115 

-0  *120 

-0*120 

-0*120 

-0*124 

1 NOSE  VEL*  V-CCMP*  (M/S): 

-8* 

-4. 

c * 

1* 

-6* 

CUEFFICILNTS  OF  CUb XC  POLVKOMl AL/ST ANDaRO  DEVIATION 

J«1076c  00  -L«6J71c  01  L»312bE  UA  -0.340UE  06  / 0*0017  (M) 


1C9. 


NOSE  VEL.  • X-COMP*  (M/S):  26***  2 6W*  215*  169* 

COEFFICIENTS  OF  CUb  1C  POLYNuMl AL/STANUARO  DEVIATION 
-0*629SC-02  0*2b9cE  U3  -C*1V39E  US  U*A221E  06  / 0*0010  (M) 


ABOVE 

8ELCV 


-1*5  - 

P£(-AT1VC 

0*9 

TO 

0*0  C*3 

NOSE  velocity 

-3*1 

7*6 

7*5 

8*8 

3*4 

««*« 

8*4 

5*5 

3*2 

6*6 

-9* 

-3* 

4* 

-10* 

COEFFICIENTS  OF  CUbiC  POLY NUMl AL/ST AND ARO  DEVIATION 

U*1W61E  00  >0.1wl3E  02  0*5343E  04  -U*62S2E  06  / 0*0007  (M) 


C*G*  VELi  X-COMP*  (M/S):  284*  260*  216*  169* 

COEFFICIENTS  OF  CUBIC  POLYNOMI AL/STANUARO  DEVIATION 
-0*1272  E 00  0*^U9SE  03  -0*1«26E  (/5  C*4076E  06  / 0*0011 


109* 

(M) 


PONCELET  DRAG  COEFF * ■ 1*615 

VO  » 216*  STAhO*  LEVIA*  * 0*0221  (H) 

C*G*  VEL*  X-CCHP*  (M/S):  317*  274* 


216* 


173< 


134. 


RECORDED  TIME  OF  MAXI  MUM/MINIMUM  COIL  VOLTAGE  (S) 

MAX  *OOulU9  «0ul929  *0w»3603  *005767 

MIN  *000699  *002957  *004944  *007491 

COMPUTED  NOSE  PUSH  ION  AT  MAX/MlN  CUIL  VOLTAGE  (M) 

AT  MAX  0*026  0*484  U*8U6  1*101 

AT  MIN  U*lb8  0*693  1*004  1*254 

RECORDED  COIL  POSITION  (M) 

0*b  0*486  U*81C  1*086 

DIFFERENCE  BETMEEN  COIL  AND  NLSE  AT  HAA/MIN  VOLTAGE  (M) 


AT  MAX 
AT  MIN 


0*U26 

0*188 


-0*002 

0*207 


-0*004 
w.  1 94 


0*015 

0*168 
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&HUT  bA 


« 22  APNIL*  I976t  NO*  9 t 


SANC:  ortv*  9ENSify:i93a 
PRO^ECTlLhi  iOLll)  bTfcP- 


c Ab/M«*3(  APPHOACHINO  VCLOCITVS  ' 

TIER  Ma&S:w*S63J  KC»  030*02  M»  L»0*23n  M 


X-RAV  station 


TIME  (SECOND!  •.••»•••• 
CENTER  OP  GRAVITY  POSIT 
HCRIZONTAC  

vertical  

INCLINATION  ANGLE (OLG>* 
SEPARATION  ANGLE! OcCPEE 

Above  ••••••••••••••• 

DELOW  

nose  aIOTH  (M  ot*  PlLMI* 
NOSE  POSIT  ION  I n! 

HORIZONTAL  ..•••••••• 

VERTICAL * 

inplt  nose  Position  (m) 
HCkI  zont  al  ••••«>•*••• 
VERTICAL  


NC*  1 

NO*  ^ 

NU*3 

N0*4 

NO*  3 

auOO  !27 

*^0l683 

*001646 

• 002702 

.LC4CC5 

ION  (M! 
-0  *077 

0*1  07 

0.379 

0*624 

0.54T 

u * Ic 3 

i>  * 1 06 

0*106 

0*103 

0*116 

1*5 

1*6 

3*S 

5*6 

8*0 

! 

«<-«4 

9*6 

9*5 

9*0 

«««« 

«•«* 

5*5 

3*0 

1*5 

*«*« 

0 *0  25C 

0.0Z30 

0*0230 

0*0230 

0*02 2C 

0*046 

0 *229 

0 • 60 1 

0.7A6 

C *966 

0 a lu6 

u*  109 

0*116 

0*116 

0*133 

U»U47 

0*229 

0 *496 

0*732 

0*950 

-0*116 

-0*111 

-0*106 

-0*105 

-0*085 

NCSE  VEL*  V-COMP*  < M/S! J 12*  S*  I*  *** 

COEFFICIENTS  OF  CUbIC  POLVNOMlAL/STANUAftD  DEVIATION 

V-I042C  00  O.IsSbE  02'tO*7A42E  04  0*I4EbE  07  / O.OOIS  (M! 

NOSE  VEL*  X^COMP*  ( H/S ! * 344*  312*  2SB*  203*  139* 

COEFFICIENTS  OF  CObIt  ^^‘-^'NOMIAL/STANOaRO  DEVIATION 

0«103Jc-U2  0*3&lwL  03  -0*Z93«E  05  0*47I0E  06  / 0^0019  (Ml 


lu/ict.  wEi_a  0 1 R ECT I UN  ( L>eG  ! 2*0  l*v  w»2  I*S 

separation  ANGLEU/EGREE  ! . RELATIVc  TO  NOSE  VELOCITY 
AdOVS  <’•**  »•« 

OELOH  •*•••••«*••*•••  ««<*«  6*w  0*3  0*5 


**4« 

««*« 


C*0*  VEL*  V-COMP*  IM/SII  12*  3* 

COEFFICIENTS  OP  CUii  IL  POLYNOMIAL/sTANDARD  DEVIATION  , 

V*10l2e  Ow  J*l3bVE  OZ  -0*9EI3E  04  v*l75CS  07  / 0*CC06  IM! 

C.G*  VEL*  X-COMP*  IM/S!:  344*  J12*  ^ * 

COEFFICIENTS  OF  COb  IC  POLYNOMIAL/STANDARD  DEVIATION 
-0*12«43E  00  J.sSlwt  03  -w.ZVIdE  06  v*4609E  u6  / C.OC20  <M! 

PONCtLET  DRAG  CCEFF.  = 1.027 
VO  s 250*  STAND.  OEVU.  » 0*o2UO  (Ml 
C*0>  VEL*  X-CJMP*  IM/Sl!  374*  321*  259*  213*  176* 


SHOT  6J 


( APhlLf  1976*  NO.  6 I 


SANC.'  URY»  OENSITV:  1 S3a.  APPROACHING  VELOCITY:  AlSe  M/S 

PRO^LCTILE  : SOLIU  STLP-TIEK  .'4ASS : 0 . S»3  J KG.  0*0. C2  M*  L«0.23S  M 


X-RAY  STATION  ••••••... 

NO.  1 

NO.  2 

NO.  3 

NO.  4 

N0.5 

TINE  (SbCONC)  

.wCO  146 

• w OU  66  it 

. wOl 706 

.003084 

• CC4798 

CENTER  OF  GRAVITY  POSITION  1M> 
HCR120NTAL  -0.07i 

W a 1 0 9 

0.396 

0.71  1 

C.969 

vertical 

w.  102 

V t,  lw4 

G . 104 

0.114 

0.136 

INCLINATION  ANGLE(OEG). 

3.5 

6.0 

11.5 

11.5 

SEPARATION  ANGLE ( UE OREL  ) 

AdUVE 

**«4 

IC.W 

12.0 

12.0 

1 1 .0 

BELOa  

• «»* 

4«  w 

1.5 

' .0 

1.0 

NOSE  blOTH  (M  ON  FILMI. 

W • til 

Ca  C23C 

0.0230 

0.0230 

0.0230 

NOSE  POSITION  (M) 

MCRI2UNTAL  

w . G51 

0.231 

0.51b 

0.831 

1.  1C6 

VERTICAL  

G.  1U7 

J.l  11 

0.121 

0.138 

C.  1 61 

INPUT  NOSE  POSITION  (M) 

HCR120NTAL  ...o...... 

0.G54 

w • 

0.514 

0.63C 

1.103 

VERTICAL  

-G« lib 

-C.lw9 

-0.098 

-0.078 

-0.052 

NOSE  VLL.  Y-COHP.  CM>»5): 

6 • 

a. 

11. 

13. 

13. 

CCEFrlClENTS  OF  CUUIC  PULYNOMIaL/STANOARO  OEVIATION 

0.1CS3%  CO  v).b3«t>b  01  U.i:23AE  C«  < C.2.>63E  06  / O.OL'OA  IMl 

NUSb  VLL.  X'COMP.  1 M/Sl : 341.  31i.  258.  195.  131. 

CCcPFlClfiNTS  OF  CUBIC  POLVNUHIaL/STaNQARO  DEVIATION 

0.18W1E-02  0.3499&  03  05  0.8929E  05  / 0.0U46  IM) 


NOSE  VEL. 

OIRECTIONILEGI  1.0 

l.S 

2.5 

3.9 

5.4 

SEPARATION  ANGLE! UECREE 1 . RELATIVE  TU 

NUSE  vCl.OCITY 

’ 

ABOVE  .« 

6.0 

6«& 

4.4 

4.9 

BELOF  .. 

6.  U 

7.0 

a.  6 

7.1 

C.Gj  VEL. 

Y-COMf^.  !M/5i:  -0. 

1 . 

4. 

9. 

18. 

COEFFICIENTS  OF  CUblC  F OLYNOMl AL/S TAKO ARD  OEVIATION 

0 a 10  23E 

00  -C. 4150b  00  0.5070E 

03 

C.1577E  06 

/ 0.0018 

(M) 

C.G.  VEL. 

X-COMP.  (MyS):  342. 

312. 

259. 

196. 

131  . 

COEFFICIENTS  OF  CUbIC  POLYNCMl AL/5TANOAPO  DEVIATION 
-W.12wl6  00  U.349VE  03  -0.2562E  05  3.b02b€  06  / 0.0C44  (M) 

PONCELET  DRAG  CCHFF.  a 1.011 
VO  a 259.  STANO.  DEV  lA  ..  s 0.0214  fH) 

C.G.  VcL.  X-COHP.  (M/5i:  375.  327.  259.  203.  160. 


* 
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64^  ( APRlCt  1976*  NO*  7 ) 

SANo:  OHv*  ctiNSirv : iboa*  approaching  vei.ociTv:  «C9*  m/s 


PRO Jtc tick:  SCLIO  STEP- 

TIER  MASS 

:u.5&33 

KG.  0-0* 

02  M.  L«0.238  M 

X-RAY  station  

NO*  1 

NO.  2 

nO.3 

NO. 4 

N0.5 

TIME  (ScCONO)  

.C0O146 

•0C0574 

.001693 

. 003100 

,00480  I 

CENTER  OF  GRAVITY  PCSITION  ( M) 

HORIZONTAL  ..•*.••.*. 

0 *u99 

0.386 

0.704 

C.978 

VERTICAL 

0*  U94 

W.095 

0.099 

0.102 

0.122 

inclination  ANCLEiUhaj. 

i • 

l.S 

5.C 

10.0 

9.S 

i^EPARATION  A.SGLLIUcGREE 

) 

ABOVE 

««»* 

6.5 

r.o 

13.0 

11.0 

UELUM 

6.5 

4.5 

2.0 

1.5 

NOSE  MlOTH  (M  CM  FILM)* 
NOSE  POSITION  (N) 

0.02SC 

C.0230 

0.0230 

C.0225 

0.0220 

HORIZONTAL  •..•.*••«. 

0 .0  42 

0.221 

0 .SOB 

0.824 

1.098 

VERTICAL  

INPUT  NOSE  POSITION  (M) 

O.GV? 

0*101 

0.109 

0.123 

0.142 

HORIZONTAL  ....•••••• 

0.U43 

0.22U 

0.504 

0.822 

1.094 

VERTICAL 

-0.125 

— V .121 

-0 . n 1 

-0.095 

-0.075 

NOSE  VEL.  Y-COMP.  (M/S) 

: 7. 

0 • 

9. 

10* 

11  . 

COtiFFIClcNTS  OF  CUblC  PULYNOMI  AL/ST  ANOAHO  OtYlATION 

J.9S6UE-0I  U«6Y)CiAt  Ol  0*OG«0£  GJ  -0.S6J2E  OS  / 0.00C2  (M) 

NOSE  VEL*  X-COMP.  (M/S):  JSO • ^16*  257.  191*  1J7* 

COEFFICIENTS  OF  CUBIC  POCVNOMI Ac/STANOARO  OEVIATIUN 
•*0*abUoE-02  O.USVOE  OU  >0*JA29E  05  0.15JEE  07  / 0.0034  (M) 


NOSE  VEL. 

OIHECTICN(OEG) 

1*2 

1.5 

2.  I 

3.1 

4,5 

separation  ANGLEIOeGREr ) 

. RELATIVE  TU 

NOSE  velocity 

ABOVE  .. 

4«4« 

a.  5 

4*  I 

6.  I 

6.0 

UELO*  .. 

»»•«« 

6.5 

7,4 

8.9 

6.5 

C.G.  VEL. 

Y-COMP.  (M/Si; 

6 • 

3. 

I • 

5* 

20. 

COEFFICIENTS  OF  CUblC  POLY NUMI AL/5TAN0 ARO  OEVI 

AT  ION 

U .9364E- 

01  0.74U2E  01 

-0 .3E46E 

04 

0.6899E 

06  / 0.0005 

(M) 

C.G.  VEL. 

X-COMP.  (M/S): 

349. 

316. 

258* 

192.  1 

35. 

COEFFICIENTS  OF  CUBIC  POEYNUMI AL/STANOARO  OEVIATIUN 
-0.1305E  UC  O.UbVuE  'U.33S0E  05  w • 1 4 1 7E  07  / b.0v36  (M) 


PONCELET 

OPAG  COEFF.  > 

1.917 

VO  « 258.  STAND*  LEVIA 

. » U.0174 

(M> 

C.C.  VEL 

. X-COMP.  (N/Sl 

: 38  3. 

329.  2 

58. 

199 

HECUhOED 

TIME  OF  MAXiMU 

M/ MINI MUM 

ecu  VOLT 

ACE 

(S) 

MAX 

*00u 124 

•0016*6 

•002V72 

• 

004770 

MIN 

* 00u668 

. 0 w £ 5 7 

.004  146 

• 

006124 

COMPUTED 

NOSE  POSIT  ION 

Al  MAX/MIN 

(;UIL  VOl. 

tace 

(M) 

AT  MAX 

0.0  35 

0.497 

0.798 

1 .094 

AT  MIN 

0.217 

0.711 

1.003 

1.261 

RECORDED 

COIL  PuSIT lUN 

(H) 

J.O 

0.486 

0.810 

1.386 

DIFFERENCE  BETttEf.N  COIL 

AND  NUSE 

aT  max/mi 

N voltage  I 

AT  MAX 

U .U35 

C .01 1 

-0.012 

0.008 

AT  MIN 

0.2(7 

0.225 

0.  <9  J 

0.175 

180 


&HUT  65 


( dit  APRIC*  1«T6*  NO.  0 ) 


I 


SANC:  OHV.  bC.N51TY:SJdU.  KG/M*«j;  APPROACHING  VELOCITY:  ACT.  M/S 
9«C  JHCTil.fi  I 60Li0  &TLP~TI6R  MA5&:0.56dl  KG.  0^0.02  M.  L*C.2J0  U 


X-RAY  STATIUN  *.**..•*.  NO. 1 

time  ( second  I 

CENTER  OF  GRAVITY  POSITION  (Ml 

NO.  2 
.V0C693 

NO.  3 
*00t7u8 

N0.4 

.003121 

NO.  5 
• 004  804 

HORIZONTAL  -0.070 

0.1  to 

0.396 

0.713 

0.993 

VERTICAL  .«*.•*•.*.*.  w.lOG 

0.1 04 

0 * :oj 

o.loa 

0.1 11 

INCLINATION  ANGLE(0EGI.  O.w 

separation  ANGLEIOEGREE I 

0.0 

0.5 

-1.0 

-3.5 

4444 

7.0 

6.5 

s.s 

2.0 

BELUH  4444 

6.S 

4.5 

4.6 

6.0 

NOSE  WIDTH  (M  ON  FILMI*  0.U2So 
NOSE  POSITION  (Ml 

0.0235 

0.0240 

0.0230 

0c0230 

HCR120N7AL  3.052 

VERTICAL  U.IOG 

INPUT  NOSE  POSITION  (Ml 

C.232 
0 • 1 'J  4 

V.S18 

0.104 

0 .835 
0.1  w6 

1.115 

0.103 

horizontal  •.«.••••..  U.oSS 
VERTICAL  -0.124 

0 .232 
-0 . 1 16 

O.SIS 

-o.iia 

0.835 
-0.1  IS 

1.111 
-C • 1 1 8 

NOSE  VEL*  Y-CUMP.  (M/Si:  S. 

3. 

1 A 

-1. 

-2. 

CObFMCISNTS  OF  CUQiC  PUgYNOMI AL/STANOARO  DEVIATION 

0.CV63E-01  C.4U67E  01  -C.1I43E  04  0.599UE  OS  / 0*0017  (Ml 


NOSE  VEC.  X~CDMP.  IM/S) i J48.  314.  257.  193.  144.  , 

COfeFFltlENTS  OF  COttIC  P LLYNOMi AL/S TANO A«0  DEVIATION 
*g.260VE-02  C.osoau  03  >0.34u6E  05  0.1622E  07  / 0.0C22  (M) 


NOSL  VEL.  OIRECTlONtDEGl  0.7  0*0  0.3  *0.2  -0.8 

5EPAHAT1CN  ANGLEIDEGREE I*  HELATIVE  TU  NOSE  VELOCITY 


ABOVE  444*  7*6  6.3  6.3  4.7 

BELOW  *.......  *444  S.9  4.7  3.7  3.3 


C*G.  VEL.  Y-COMP*  (M/Si:  2.  2.  2.  2.  2. 

COEFFICIENTS  OF  CUBIC  POLYNUMlAC/STANOARO  DEVIATION 

0.I0O3E  OC  0.2379E  Cl  O.IUOUE  02  -0.lv7SE  09  / U.0C25  (Ml 

C.G.  VEL.  X-COMP.  348.  314.  257.  194.  144. 

coefficients  of  cuulc  polynomial/stanoard  deviation 
-0.1246E  OU  0.3S6VE  03  -U.3406E  OS  0.1626E  v7  / 9.0018  (Ml 

PONCtLET  drag  COfcFF.  « 0.636 
VO  = 257.  stand.  LEVIA.  = 0.0133  (Ml 
C.G.  VEL.  X-COHF.  (M/bl:  378.  325*  257.  199.  197. 
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&HOT  o6 


( 2«  4PSiU-«  1<k7o«  no*  9 ) 


SANO:  ORV*  OtNSiTV : l»3d* 

PROJECT ILe:  A*N*H«  MASS 

X-RAt  STATION  NO.  I 


; approaching  VECOClT-y: 
Sw  *Od2A  KG»  0*0*02  M*  L' 


sse.  i«*/s 
■0*OTC  M 


TIME  (SCiCONUl  ••*•*••••  **io0l2A 
CENTCR  OF  ORAVIIT  POSITION  ( M» 

HCRliONTAL  

yENTlCAL  .*•••••«••••  u«*>e8 


INCLINATION  ANGLfetOfeO)* 
SEPARATION  ANOLfeiOtORfeE I 
ABOVE 

BELOA  •••••  •••••••it* 

NOSE  BlDTH  (M  ON  FaLMI.  0 
NOSE  POSITION  (MI 

HCPUONTAL  *.•••-*•••• 

VERTICAL  

(NPOT  NOSE  POSITION  (Ml 

HCRI/ONTAL  

VERTICAL  “ 


~ 6*  o 

• AS* 

•« 

• 026^ 

0*062 

U.OBB 

0 *(i69 
-J*  lAU 


NO*  2 

N0*3 

N0*4 

N0*5 

cot  ISO 

.0079SI 

* 02C000 

V 100000 

0.26T 

u.uTl 

o*s«s 

0*055 

18*839 

18*121 

(9*144 

(8*121 

•A9*ti 

***** 

AA  Ai^  A 

*««• 

*>•*<** 

»*023S 

**** 

m*** 

W.C2A0 

AA44 
• AAA 
aaaaaa 

AAAA 

AAA 

A U 0 A o A 

i}*267 
i>  *071 

0*395 
0 *055 

16*839 

18*121 

19.144 

13* 1 21 

0*274 

-0*156 

0*367 

-0.177 

AAAA AA 
ACAA AA 

aaaaaa 

AAAAA'^ 

1 


is: 


SHOT  ftV  ( ki  |97«»*  M3.10  ) 


SANr,x  onv*  DdMsiTvj ibja* 

KG/M*«3I  approach ING  VELOCITY: 

575*  M/S 

PRO.ii;CriUCX 

ma83:04U«|4: 

KG  4 0<*0 

*02  N*  L«0*070  M 

X'RAV  STATION  ••••••«•• 

MO«  1 

N042 

KO43 

NO  *4 

NO*S 

f TIMt  tSECONO) 

CCNliER  UF  GRAVKTV  PUblTlOM  (M) 

•voi iaG 

* iJ0T9S  1 

*020000 

*100000 

hurizontau  «••••••••« 

C40O6 

U4  24a 

0*364 

ta.aso 

19* 144 

VEKTiCAL  

•4  4C  69 

04062 

184121 

IB* 121 

i 1NC(.1NaT10N  AKG«.£(OE6t-> 

^ bEPARAMON  ANGLciuEGREE  ) 

-74& 

• 5845 

• 4*«* 

t AEOVE  •••••••••<.••«•* 

«•«« 

V444 

**•* 

««*« 

bECGM 

144W 

«««* 

««** 

**** 

4*4* 

; NUSfe  aiOTH  <M  ON  PlCMJ. 

; NOS&  pusitiun  <m) 

Q»Ok6>& 

040240 

0*0240 

««*«•« 

444444 

> HCni.’UNTAL  •••••••>•• 

0 4UOA 

Q;k<i9 

0436* 

18*639 

19*144 

1,  VERTICAL  .4. ••••••••• 

INPUT  NOSE  PUSITION  < Ml 

a4Ufi6 

0 4w69 

O4C62 

184121 

16*121 

i HLRl^ONTAL  •444444444 

0oC73 

04252 

0 4330 

«*««** 

444444 

^ VERTICAL  44  4 4 444444.44 

'•o  4 :«j> 

• £ 6U 

>0*166 

444444 

•mt 


jMOT  6»  4 itJ  1V70*  N0«  t > 

.iLt  nt^K<iiTy'>CSa.  APPKOACMIHG  VeUDCiTY:  M/S 

loLiTsiAP^^EM  *^0.  D-O--*  »«*  ** 

M-BAV  STATIC MO.  I NO.*  NC.3  NO.*  N0.8 

TlMfe  (SeCONOI  .(.OOSIT  .001»93  .002*91  .0038*0 

CEr4TliR  OF  ORAVITT  POSITION  4M-  „,y9Q  i..*2l  0.693  1.039 

HQRIZUNTAt.  ..........  j!l03  0.105  0.109  0.1  13 

inclination  ANCCttOtOI.  0.0  U.O  C.O  -1.0  -3.0 

•**•  13.0  i*.o  if.o  r.' 

o.««o  c.uwo  o.o^^o  o.o^jo 
nose  position  (M)  O.S*3  0.815  1.161 

viSTicSI^t. ::::::::::  srS^S  o.ics  o.ior  ©.lor 

INPUT  HOSE  position  IMI  6.220  0.5**  0.812  1.16* 

hcnuontal  -S*12S  -oliia  -o.iio  -o.ii*  -o.ii* 

VERTICAL  ............  —0.1*5  w.»»o  w 

PONCELET  DRAG  C06FF.  • , , _ _ 

3eS:‘  3«.  2«.  *»• 

«sr.““  ‘;sbnr*“:slh4i 

coSSEtjj  Nou  pIjuion  i"h? 

At  MIN  0.19T  0.715  •••• 

recorded  COIL  PUSITION  <»«»  „ 0,^10  1.086 

“■rT^sr." 

at  min  0.IV7  0.229  *•••••••  O.IOO 
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&HUT 


i APRlLt  l«T6t  NO.  2 I 


SANC2  »CT*  0feNSlTV:20bCi.  KC/M**3«  APPROACHING  VELOCITY:  39S.  N/S 


projectile:  SOLIL  >»TbP- 

TIEN  MASS:o.S643 

KG*  0>0 

.02  N*  L 

■0.238  M 

X-RAY  STATION 

NL.i  NO. 2 

NO. 3 

Z 

0 

. 

A 

NO. 5 

TIME  (5EC0N0I  

CENTER  OF  ORAVITV  POSIT 

.0CwlC3  .OC1U6I8 
ICN  (Ml 

.001596 

.002472 

.003845 

HLR120NTAL 

-0.092  0.111 

0.448 

0.719 

1 .075 

vertical 

W • 1 0 • i 

0.132 

0.136 

C . 138 

INCLINATION  ANGOE(l/EG>. 
SEPARATION  ANGEEIUEGREE 

0 . S 0. 0 

1 

0.0 

0 

. 

0 

-3.0 

AMOVE  

7.0 

9.0 

«*** 

6.0 

BELOM  

••••  7.0 

12. C 

«4*« 

1 1.0 

NOSE  EIOTH  (M  ON  FILM). 

0.02O0  O.U23C 

0*0240 

0.0230 

C.0240 

NOSE  POSITION  (Ml 

HCR120NTAL  

0.030  0 .233 

0.570 

0.841 

1.197 

VERTICAL 

0.121  0.126 

0.132 

0.136 

0.131 

INPUT  NUSE  POSITION  (M| 

HORIZONTAL  

0.577 

0.842 

1.208 

VERTICAL 

-O.097  -0.09U 

-W.084 

-0.060 

-U  .085 

NOSE  VEL.  Y-COMP.  iM/SI 

: 10.  «. 

5. 

1 • 

-7. 

COEFFICIENTS  OF  CUBIC  POLVNOMI AL/STANOARO  DEVIATION 

d.ta06£  00  0.I67VC.  Oa  *C.ISS3E  04  >0.i3S9E  06  / 0.0C16  (M) 

NOSE  V£L.  X'COHP.  IM/Si:  401.  374.  32S.  287.  £35. 

COEFFICIENTS  OF  CUUIC  PULVNUMI AL/STANO AND  DEVIATION 
-U.I024E-0I  0.406VE  03  •'0.2784E  OS  0.0462E  C6  / 0.0C4I  (M) 


NOSE  VEL 

. 01RECT1UN((>EGI  1.5 

1.3 

0.8 

0.1 

-1.8 

SEPARATION  ANGLE! DEGREE  1.  RELATIVE  TO  NOSE  VELOCITY 

ABOVE 

8.3 

9.8 

«*44 

7.2 

BEL06 

5.7 

11.2 

*44* 

9.8 

C.G.  VEL 

. Y-COMP.  (M/Si:  14. 

tc  « 

4. 

2. 

2. 

COEFFICIENTS  OF  CUBIC  POLYNOMl AL/STANDARD 

DEVIATION 

0.1192E  00  0.147UE  02  -0.44S2E 

04  0.4882E 

06  / 0.0016 

(Ml 

C.G*  VEL 

. X-COMP.  (M/Si:  401. 

374. 

325. 

287. 

235. 

COEFFICIENTS  OF  CUE  1C  POLYNOMl AL/STANOARO 

deviation 

-J.1322E  OU  0.4V66E  U3  -0.2782E 

05  0.V462E 

06  / 0.0042 

(Ml 

PONCELET 

DRAG  COEFF.  ■ 0.711 

VO  • 401.  STAND.  CEVIa.  ■ 0.0062 

(Ml 

C.G.  VEL 

. X-COMP.  (M/Si:  401. 

370. 

323. 

289. 

249. 

RECORDED 

time  OF  MAXIMUM/MINIMUM 

COIL  VOLTAGE 

(SI 

MAX 

•00ull2  «0014w7 

•002416 

• 

003562 

MIN 

.000559  .002028 

•003156 

• 

0044C4 

COMPUTED 

NOSE  POSITION  AT  MAX/MIN 

COIL  VOLTAGE 

(Ml 

AT  MAX 

0.035  O.510 

0.624 

1.129 

AT  MIN 

0.2p9  0.708 

1.027 

1.322 

RECORDED 

COIL  position  (Ml 

0.0  0.486 

w.SIl 

1 .086 

DIFFERENCE  BETWEEN  COIL  AND  NUSE  AT  MAX/MIN  VOLTAGE  (PI 
AT  MAX  U.03S  0.024  0.014  0.043 

AT  MIN  0.200  0.222  0.217  0.236 
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S.HCT  7c 


t APfilL*  1976.  NO.  3 ) 


SANC:  WET*  OENSlTYIiiuSC « KG/M4>«3{  APPPCACHING  VELOCITY:  2c9.  P/S 

Projectile:  bOLiL  flat  nose  hass:u.sa6i  ica*  o>o.u2  m.  l«o.22s  m 


X'RAV  station  ......... 

NO.  I 

NO.  2 

z 

o 

. 

NO.  4 

N0.5 

TIME  (ScCCNO)  

•0UC2C2 

.001130 

.003220 

.005503 

•0C8426 

CENTER  OF  GRAVITY  POSITION  CM) 

HCR12UNTAL 

•U.ObS 

C.U94 

0.408 

0.667 

0.865 

VERTICAL  

w . 1 1 5 

C.12S 

C.133 

0.138 

0.131 

INCLINATION  ANGLECOEG). 
SEPARATION  ANGLE C DEGREE ) 

U.D 

0.0 

- 1.5 

1 

• 

o 

1 

• 

o 

ABOVE  

WWW* 

wwww 

3.C 

wwww 

wwww 

BELOW  

Wwww 

7.5 

wwww 

wwww 

NOSE  WIDTH  (M  ON  FILM). 
NOSE  POSITION  CM) 

V .026b 

0. 02«0 

b.0240 

0.0235 

O.C240 

HCH12QNTAL  

0.028 

0.207 

0.520 

0.78C 

C.998 

VERTICAL  

INPUT  NOSE  PCSniUN  CM) 

0.  1 15 

b.l2b 

0.1  3C 

0.13w 

0.121 

HCR123NTAL 

0.025 

0.203 

0.518 

0.77w 

0.969 

VERTICAL  

-0.105 

-0  .093 

-0.C87 

-0.067 

-0.098 

NOSE  VEL.  Y-CQMP.  CM/S): 

10. 

7. 

1. 

-2. 

-3. 

ccjEfficients  of  CUBIC  polynomial 

/standard  deviation 

0.1139E  00  0.1U25E  D2 

-0.1761E  04  0.7843E  CS 

/ 0.CO22  CM) 

NOSE  VEL.  X-CQMP.  CM/S): 

199. 

176. 

132. 

93. 

59. 

COEFFICIENTS  OF  CUb  1C  POL YNOMl AL/STANDARO  DEVIATION 

-O.1C74E-01  0.2w38E  W3 

-C.1283E  05  0. 

33  77E  06 

/ 0.0C5S  CM) 

NOSE  VEL.  DIRECT lUNCDEG) 

2.8 

2.  1 

0.5 

- 1.4 

-2.9 

separation  ancle C DEGREE) 

. relative  to  nose  velocity 

ABOVE 

WWW* 

WWWW 

5.0 

wwww 

WWWW 

BELOW  

WwW* 

wwww 

5.5 

wwww 

wwww 

C.G.  VEL.  Y-COMP.  CM/S): 

9. 

7. 

3. 

-0. 

• 

COEFFICIENTS  OF  tObiC  POLYNuMi AL/STANDaRO  DEVIATION 

U.ilAlE  CO  0.9265E  01  >0«U15E  CA  0.17A2E  05  / C.0C22  (M) 

C.G.  VEL.  X-COMP.  <N/S1:  199.  176.  132.  93.  60. 

COEFFICIENTS  OF  CublC  POLYNUMl AL/STANDARO  DEVIATION 
-0.1237E  00  0.2O36E  CJ  -0.1c79E  OS  C.3351E  06  / 0.0C55  CM) 

PONCELET  DRAG  CUEFF.  » 1.SB7 
VO  > 199.  STAND.  OEVIA.  « O.0199  CM) 

C.G.  VEL.  X-COMP.  CM/b>:  199.  169.  127.  IOC.  78. 


RECORCEO  TIME  OF  MAXIMDM/MIN IMUM  COIL  VOLTAGE  CS) 
max  .0Cc2JU  .003276  .006006  .010435 

min  .001166  .CC4733  .006376  .014876 

computed  nose  PDSiTlDN  AT  MAX/MIN  COIL  VOLTAGE  CM) 

AT  MAX  0.0J6  0.531  0. 623  1.102 

AT  MIN  0.21U  0.7C2  0.994  1.293 

RECORDED  COIL  PUSCTIDN  CM) 

0.0  0.466  O.BIO  I. 086 

OIFFERENCE  between  coil  and  nose  at  MAX/MIN  VOLTAGE  CM) 
AT  MAX  0.036  0.045  0.013  0.016 

AT  MIN  0.210  0.216  0.184  0.207 
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IbHUT  74 


( APtilU*  lV76t  NO.  4 ) 


sand:  atl*  0€:NSilv:2ub& . K6/M*4Ji  APPROACHING  VELOCITY:  206.  M/S 


projectile:  solid  flat 

NUwE  MASS 

• M .54S0 

KG.  D«0 

.C2  M.  L 

>0.225  M 

X-RAY  station  ••••••••• 

Mj.  1 

NO.  2 

NO.  3 

. 

O 

2 

NO. 5 

TIME  (SECOND)  

CENTER  OF  (.RAVITY  POSIT 

.O0w2l 1 
ICN  (M) 

.uot 124 

.00322  7 

•00S9IC 

.0C943S 

HCRI20NTAL  

— w . 1 o2 

U . U91 

C .413 

0 .722 

1.013 

vertical  

0.111 

w.l  »7 

0.124 

0.122 

0.126 

inclination  ANCLE(ULGI. 
SEPARATION  ANGLE! DLGRLL 

2.5 

) 

3.5 

3.0 

5.0 

C.5 

ABOVE 

«*•« 

6.5 

444* 

4444 

bELUM  

mm  mm 

«*«« 

3.5 

V444 

4444 

NOSE  WIDTH  (M  ON  FILM). 

V . 02  70 

0.023C 

0.024C 

0.0240 

0.0240 

NOSE  POSITION  (M) 

HCRI20NTAL  .......... 

w • w 1 I 

U .2u4 

0 .525 

0.635 

1.125 

vertical 

0.  116 

0.124 

0.13G 

0.132 

0.129 

INPUT  NOSE  position  (M) 

HORIZONTAL  

U.0u2 

0 . 200 

0 .524 

0.634 

1.122 

VERTICAL 

-J. 104 

-0.094 

-0.087 

-0.064 

-0.''68 

NUSE  VEL.  V*COMH.  (M/S):  6.  6.  2.  -I.  -0. 

COEFFICIENTS  OF  CU61C  POLYNUMl AL/STANOaPO  DEVIATION 

J.44SUE  00  0.041EE  o4  -0.426SE  i)4  (..SSISE  OS  / O.OCIS  (M) 

NOSE  VEL.  A-COMP.  (M/S):  212.  165.  ISS.  94.  79. 

COEFFICIENTS  OF  CUBIC  POLYNUMl AL/STANOAPO  DEVIATION 
-O.JO27E>0l  0.2166E  03  -w.tS69E  OS  0.S996E  06  / 0.01C2  (M) 


NOSE  VEL.  OINECT luN(DEG)  2.1  1.6 

SEPARATION  ANCLE  ( Lib  GnEE  ) . MELATIVE  TO 
ABOVE  ...............  •••♦ 

OELOM  ...............  ***«i  «*4« 


0.6  *0.4 

NOSE  VELOCITY 

4.3  **** 

5.7 


-0.2 

*«4* 

***« 


C.G.  VEL.  Y^COMP.  (M/S):  9.  6.  1.  -1.  S. 

COEFFICIENTS  OF  CUBIC  PULYNOMI AL/STANOAPO  DEVIATION 

U.109UE  00  0.964toC  01  '0.1V76E  C4  C.1236E  06  / 0.0004  (M) 

C.G.  VEL.  X-COMP.  (M/Si:  212.  16S.  US.  94.  79. 

COEFFICIENTS  OF  CUBIC  POLYNuMl AL/STANDARD  DEVIATION 
'U.1431E  00  C.21B7E  03  -0.1S63E  OS  U.S9SSE  06  / 0.CI02  (M) 

PONCELET  DRAG  COEFF.  « |,543 
VO  3 212.  STAND.  UbVlA.  * 0.C12S  (M) 

C.G.  VEL.  X-COMP.  (M/S):  212.  160.  134.  101.  76. 


RECOHOEO 

MAX 
MIN 

COMPUTED 

AT  MAX 
AT  MIN 

RECORDED  COIL 


TIME  OF  MAX  I MUM/ MINI  MUM 


difference 
aT  max 
AT  MIN 


.00u2u6 
.001155 
NOSE  PUSITION 
C.015 
0.202 
PCSITIUN 
0 .(. 

between  coil 

0.015 

0 .2w2 


.003112 
.C046«l 
AT  MAX/MIN 
0.515 
C . 701 
(Ml 

0.464 

AND  NOSE  AT 
0.029 
0.215 


CbIL  VOLTAGE  <S) 
.Ot.5699  .009317 

•007736  .012270 

COIL  VOLTAGE  (M) 
U.612  1.115 

0.990  1.371 


0.610 

MAX/MIN 

0.002 

0.160 


1.066 

VOLTAGE  (M) 
0.029 
0.265 
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SHUT  7^ 


( 2S  APRIL*  1976*  NO.  5 ) 


SAN.<::  «ET«  DLNS ITV  :2itSL  • KG/A«»3t  APPROACHING  VELOCITY:  214,  M/S 


projectile:  solid  flat 

NOSE  MASS 

:0 .6448 

KG.  0>0 

.02  M.  L- 

0.225  M 

K-RAV  STATION 

NO.  1 

NO.  2 

NO*  3 

N0.4 

N0.5 

T’ME  (SECOND!  <.  * 

CENTER  OF  GRAVITY  POSIT 

.000166 
ION  (Ml 

.001  103 

•003146 

.005870 

.009410 

HLHI20NTAL  ....•*•••* 

-U.086 

O .096 

C *430 

U.  760 

1 .075 

VERTICAL  

0.  1 14 

U.  122 

0.129 

0.132 

C . I 39 

INCLINATION  ANGlEIUEGI* 
SEPARATION  ANGLE (UEGREE 

C * 0 

1 

0.0 

0«  5 

-1*5 

-5.0 



*«•* 

• 4*4 

6.C 

3«  0 

4.0 

bcLUM  •..••••••••*••• 

««•« 

6.5 

8*0 

B « 0 

NOSE  «(0TH  IM  ON  FILM}. 

C «0  (dbu 

U.O230 

3.0230 

0 .0240 

C • C 

NOSE  POSITION  ( Ml 

HCRI20NTAL  .••••*•••• 

U.027 

(4*209 

W.S43 

0*873 

1.187 

VERT ICAL  ....  

0.  1 14 

W.122 

0.130 

0*129 

C • 1 29 

INPUT  NOSE  POSITION  (Ml 

HCRI20NTAL  ••..*••... 

0.024 

0.545 

0 • 6Svf 

1.196 

VERTICAL  

—0.1 k7 

- j . L 97 

-O.ObT 

-0.C88 

-0.088 

NOSE  VEL.  Y-COMP.  ( M/Sl 

: 11. 

7. 

2. 

-1  . 

3. 

COEFFICIENTS  OF  CUb  !C  POL YNUH! AL/ST ANOANO  DEVIATION 

U.1I14E  Ow  G.ltSSE  G2  -0.2I9LE  04  C.1224E  06  / 0.0003  (M) 

NOSE  VEL.  X-COMP.  4M/5):  210.  187.  143.  102.  81. 

COEFFICIENTS  OF  CUblL  PULVNCMl AL/STANOARO  DEVIATION 
>U.1222E-uI  0.<ilSIE  03  -W.136SE  wS  C.4608E  06  / U.J0C4  (M) 


NOSE  VEL.  OIPcCTlON(OEb)  3.0  2.2  0.6  'O.O  2.1 

SEPARATION  ANGLE!  uc.gncE  I • RELATIVE  Tu  NOSE  VELOCITY 


ABOVE 

UELU«  

4444 

0444 

0444 

4444 

6.1 

5.4 

3.7 

7.3 

T 1 • 1 
V.9 

C.G.  VEL.  T-COMP.  (M/Sl: 

10. 

7* 

2. 

0. 

5. 

COEFFICIENTS  OF  CUBIC  POLYNUMI AL/STANO ARO  DEVIATION 

0.112WE  00  O.ICISE  b4  >0*I779E  04  V.I068E  06  / O..C06  (Ml 

C.G.  VEL.  X-COMP.  (M/Si:  210.  187.  143.  102.  8I.- 

COEFFICIENTS  OF  CUbIC  POLY NOMl AL/STANOARO  DEVIATION 
-U.12S2E  00  O.OlStfc  03  -0.I367E  06  U.4623E  06  / O.OCII  (Ml 

PONCELET  DRAG  CUEFF.  • 1*369 
VU  « 2IX>.  stand.  UEVIA*  • 0.0096  (Ml 
C.G.  VEL.  X-COMP.  (M/Sl:  210.  182.  140.  107.  82. 


RcCCiROEO  TIME  OF  MAXIMUM/MINIMUM  COIL  VOLTAGE  (SI 


MAX 
M 1 N 

COMPUYtO 
AT  Max 
AT  MIN 
R£LOP0«O 

DIF'-ERENCe 
AT  MAX 
MIN 


AT 


•000156 
•0G109V 
NOSE  PUSH  lUN 
0*021 
0.2v8 

COIL  POSITION 
0*0 

BETmEEN  COIL 
3 *021 
G«20b 


*003031 
•VW4379 
AT  MAX/MIN 
O*  627 
O*707 
(Ml 

0*486 

AND  NOSE  AT 
0*C4l 
0*221 


*005326  *008634 

.007174  .011031 

COIL  VOLTAGE  (Ml 
U.816  1.124 

0.998  1.318 


0.8&0 

MAX/MIN 

0.006 

0.18b 


1 .086 

VOLTAGE  (Ml 
0*038 
0.232 
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^HOT  7 4 


e Af>f«IL»  I97««  NO*  « > 


3ANU:  W£Tt  ObNSiTV  :£u&0  • KG/i4««j;  APF>nOACHlN6  VELOCITY:  213*  M/S 
PAuJhCTlLfi:  SOLID  »-LAT  ND«^E  MaSs:w*S«A«>  KO*  0^0*02  M*  L*0*22fi  M 


X-RAY  STATION  ********* 

NU*  1 

N0*2 

N0.3 

2 

• 

O 

z 

NO*5 

TIME  i SECOND  1 ••••«•••• 

• 000  180 

*001121 

*003220 

*008904 

• 0094K 

CENTER  OP  GRAVITY  POSITION  CM) 

HLkUONTAL  

-0*069 

0*0  96 

0*437 

0.774 

1 .093 

VERTICAL  

0*116 

0*1  2S 

0*134 

0*139 

0*144 

iNCLINATtUN  ANGLbCObG)* 
SEPARATION  ANGLt ( uE GRLE > 

u*o 

0*0 

o 

• 

o 

-2«C 

0 

• 

1 

ABOVE  

««*4 

4**» 

5.5 

2*5 

44«« 

dbLUH 

4*** 

7*0 

6*0 

*4*4 

NOSE  mIOTH  cm  on  PILMI. 
NCSE  POSITION  (H) 

U *0260 

0 • 

0.U230 

0*0230 

0*0230 

HCR120NTAL  •••*•«••*• 

u *0  24 

u*2l  1 

if  • SSU 

0.887 

1 *206 

VERTICAL ***** 

INPUT  NOSE  POSITION  CM) 

C*1  IS 

0*126 

0*134 

0*136 

0*134 

MUMI/ONTAL  ********** 

u*0  2o 

J • 2uB 

0 • SS3 

0*694 

1*215 

VhNTICAL  *•*•**•*«**• 

-0*106 

-0*093 

-0*063 

-0*061 

-0*063 

NOSE  VEL.  V-COMP,  CM/S): 

1 1 * 

B • 

2* 

-1* 

1* 

COEPPICIENTS  OP  cubic  POLVNUMI AL/STANDARO  DEVIATION 

0*ll3SE  Oo  <^*1171E  02 

-0*  1934c  04  u* 

9779E  05 

/ 0.00 11  CM) 

NOSE  VEL*  X-CQMP.  CM/S): 

206  • 

IBS* 

145* 

107* 

60* 

CUbPPlClENTS  UP  cubic  POLVNDMI Au/STANOARO  DEVIATION 

-U* 131 7E-0S  0*21u4E  D3 

-G*11«3E  CS  0*3S43E  06 

/ 0*0036  CM) 

NCSE  VLL*  DIRECT luNCDcG) 

3*1 

2*4 

0*9 

-0*5 

0*9 

SEPARaTIUN  ANGLbC JcGREE ) 

. RELATIVE  TO  NOSE  VELOCITY 

ABuVb  ••*.**** 

«•*« 

6*4 

4*0 

4444 

BELbW  *••***••*•*•••• 

0**m 

6*1 

6*5 

4444 

C*G*  VELe  Y-COMP*  CM/S): 

10* 

7* 

3* 

I* 

3* 

CUEPPlClbNTS  OP  cubic  POLVNOMIAL/STANDARO  ObVlATION 

o*ujae  Ow  o«iubib  02  -w^isasl  la  l*moaoe  os  / c*ooi6  cm> 

C*G*  V£L*  X-COMP*  <M/SI:  2C6*  18S*  lAB*  107*  60* 

CObPPlClbNTS  OP  cubic  PUCVNUMIAL/S tamo AMO  DEVIATION 
-0*12t>2L  00  v*2lUAt  G3  -w*il9Jb  bb  0*3553E  06  / 0*w036  (M) 

PONCtLLT  OMaC  CCbPP • « 1*233 
VO  « 2US*  STAND*  OfcVIA*  « W*wl2V  |M) 

C*U*  VbL*  X-COMP.  IM/Si:  2CG*  181*  IA2*  111*  86* 


LECOHObO  T IMc  OP  MAXI  MUM/M IN IMUM  COIL  VOLTAGE  ISI 
MAX  *a&s>13A  *UU2VS7  *D0S2A8  *008400 

MIN  .CD113A  *004364  *Vw7l06  *010776 

COMPUTED  NCSb  PuSITlUN  AT  MAX/MIN  CUIL  VOLTAGE  (M» 
at  max  J.G16  0*614  U*6I4  1*122 

AT  MIN  0*211  0*706  1*007  1*312 

MbCLHOLO  COIL  position  CM) 

0*0  0*466  0*810  1*066 

OIPPbKbNCb  BETVbEN  COIL  AND  NOSb  AT  MAX/MIN  VOLTAGE  ^M) 
AT  MAX  0*U16  0*U26  0*0U4  0*036 

AT  MIN  0*211  D*220  u* 197  0*226 
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&ftQT  74 


( APRILt  l«/6,  NO*  7 ) 


SANC:  WET*  DLNSITv:2;,&0*  7.G/M443*  APPROACHING  VELOCITY:  J34 . M/S 

PRO-JECTILE:  SCLIO  plat  nose  MASSIO.&AS*  AG.  0»0*0<!  M.  LBG**:*i5  M 


X>RAV  station 


NO*  1 


NO.  2 


NO.  3 


NO. 4 


TIME  I SECOND  I .........  .vCOl&S  .GU0636  .UC7174  .0038.^1 

CENTER  OF  GRAVITY  PuSlTlUN  CM) 

HC;NIA0NTAL  ..........  -O.ObU  U.ui  G.472  0.817 

VERTICAL  ............  u.llE  0 • I E8  k>.137  0.138 


INCLINATION  ANGLCCOEG).  1*0  0.5  0.0 

separation  ANGLE! degree ) 

A80VE  •••«••••.«..••*  *<>*4  9.0  7«C 

EELUM  •.*..**...*«..*  **4<*  9*0  7.C 

NOSE  MlOTM  CM  ON  FILM).  ^.02EL  0.023C 

NOSE  POSITION  CM) 

MOHl/UNTAL  *.....**..  0.033  ^.244  0.585 

vertical  ............  U.iac  u.l2V  0.137 

input  nose  position  CM)  

HC^IEONTAL  ..........  W.U32  0.246  0.593 

vertical  ............  >0.099  >0.088  >0.079 


0.5 

8.  0 

7.0 

0*0230 

0*930 
O.  139 

0 .944 
>0.077 


NO.  5 

.C05714 

1.137 
C.  144 


«**• 

*** 

0*  0230 

1.250 

0.147 

1 .266 
•C • 0 66 


NQSe  VCL«  I7«  11*  3« 

CdEPFICIENTS  of  CUUlC  PULYNUMl AL/STANOARD  DEVIATION 

0.I171E  00  0.187^E  02  >C.5503E  04  C.5489E  C6  / 0.0003  CM) 

NOSE  VRL.  A-COMP.  CM/S):  318.  287.  235. 

COEFFICIENTS  OP  CUfalC  POLTNOMl AL /STANDARD  DEVIATION 
>0.1479C>U1  0*32Sl£  03  >0.243vE  05  0.1082E  07  / O.0051  CM) 


NOSE  VEL.  OIRECTIUNCOEG ) 3.1  2o 1 

SEPAHATIOt  ANGlECUEGNEE).  RELATIVE  TO 
ABOVE  «**4  10.0 

BELOd  *>*•*  7.4 


0.6  0.2 

NOSE  VELOCITY 

7.6  7.7 

6.4  7.3 


3.6 

4*«* 

• ••• 


C.G.  VEL.  Y-COMP.  CM/S):  19.  12»  3.  -0.  9. 

COEFFICIENTS  OF  CwBIC  POLYNOMI AL/STANOARO  DEVIATION 

0.1147E  00  0.21V5E  02  -C.6193E  04  0.5949E  06  / 0.0002  CM) 

C.G.  VEL.  X-COMP.  CM/S):  318.  287.  235.  167.  153. 

COEFFICIENTS  OF  CUfalC  POLYNOMIAL/STaNO^D  DEVIATION 
>0.1278E  00  0.3251E  03  >0.2432E  05  O.IOBOE  OT  / 0.0050  CM) 


PONCELET  drag  COEFF.  m 1.017 
VO  a 235.  STANO.  DEV  lA • « 0.0075  CM) 

C.G.  VEL.  X>C0MP.  CM/S):  328.  289.  235. 


I»l. 


157. 
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&HOT  70 


< 24  APAU.*  1976.  NO.  2 » 


SANO:  WOT.  Ofc  NS1T7  ! . K0/>**>*3 

PHOJcCTSLC:  bOLlt*  fcaT  nose  mass 


{ AMPAOACHING  VEtOClTV:  406.  M/s 
Sm.SAAS  KO . 0*0.02  M.  E*0.22S  M 


X-AAV  station 


NO.  1 


NO. 2 


TIME  CSECONOii  .000124 

CENTER  OF  GRAVITY  POSITION  IMI 
MCRI20NTAL  ..........  -0.070 

VERTICAL  U.120 


INCEINATIUN  ANGLEtCtCl. 
SEPARATION  ANGUEtUEGREE 1 

AtiOVe  

dELCiCI 

NOSE  VlOTH  (M  ON  FlLMl.  O 
NOSE  POSITICN  (Ml 

HCR120NTAL  .......... 

vertical  ... ......... 

INPOT  NOSE  PuSITlON  IMl 
HCP120NTAL  .......... 

VERTICAL  ............ 


0.0 

2u  . u 
20  «o 
.0260 

L.C43 

0.^20 

0.04S 

0.099 


w.  13S 
0.130 

0.0 

13.0 

14.0 
0. 0240 

<«.24« 

0.130 

0.2S2 

B7 


N0.3 


0.463 

0.137 

0.0 

9.0 

9.0 

0.023C 

0.576 

0.137 

0.582 

-0.079 


NCSE  VEL.  V-COMP.  1M/S1J4444* 
COEFFICIENTS  OF  COb  1C  POL  VNOMI  AL/STANl 
-0.2520E  04  C.1401E  OS  -0.1264E  II 

NOSt  VEL.  A-COMP.  IM/Si:  379.  "*5^  •, 

COEFFICIENTS  OF  CUE  1C  PCLYNOMIAL/STANI 
-0.442SE-03  S.3663E  03  -0.2S69E  uS 

NOSE  VEL.  OIhECT  lONlOEG)  90.0  ^ 
SEPARATION  ANGLEIOEL-REE  I . HELATIVc  TO 
ABOVE  ...............  •••• 

BElO*  4*44  4W4» 


C.G.  VEL.  Y-COMP.  tN/S*;44444  ••••*, 

COEFFICIENTS  OF  CUBIC  PULYNOMi  AL/ST  ANI 
-0.2520E  04  0.140  IE  00  -0.1264E 


II 

35o  . 


C-0.  VEL.  X-COMP*  1M/S»;  379. 
CUEFFIcIENTS  of  cubic  POLVNOMlAL/SlIANi 
-0.1I34E  00  U.3B64E  03  -0.2B74E  05 

PONCELET  drag  CUEFF.  • O.V64 
VO  » 296.  stand.  OEVIA.  • 0.0194  CMI 
C»G.  VEL.  X-CORP.  IM/Sli  403.  359. 


4444* 

>aro  dev 

0.278IE 

295. 
>ard  dev 

0.83S6E  06 


-90.0 
nose  VEL 

4444 

99.0 


44444 

>aro  oevi 

0.278IE 

295. 
>aRo  oevi 

0.84J8E 

295. 


N0.4 

NO.  5 

.002991 

.004826 

0.61  1 

1.177 

0.138 

444444 

o 

• 

c 

0.0 

9.0 

4444 

a.  G 

4444 

0.0240 

0.0240 

0.924 

1.290 

0.138 

444444 

0.941 

t .320 

-0.077 

444444 

4444  4 

44444 

ION 

237. 

1 68  . 

ION 

/ 0.0109  CM) 

90.0 

O 

• 

O 

;ITY 

99,0 

4444 

4444 

4444 

44444 

ION 

237. 

166. 

■ION 

> / 0.0106  IMt 

243. 

194. 

HtCOROEO 

MAK 

COMPoTEO 
AT  MAX 
AT  MIN 
RECCROEO 


TIME  OF  MAXIMUM/MINIMOM  COIL  VOLTAGE  <S>  ,, 
.oOo093  4444444  .002655  .003711 

.GOvSOw  4444444  .0033S5  .004643 

NOSE  PLSITION  AT  MAX/MIN  COIL  VOLTAGE  IM> 


0.035  44444444 

0.210  44444444 

COIL  POSITION  IM) 

O.O  0.486 

DIFFERENCE  BETWEEN  COIL  ANO  NOSE 
at  max  0.035  44444444 

at  min  0.218  44444444 


AT 


0.839 

1.011 

0.610 
MAX/MIN 
o *o29 
•1 . 1 


1.061 
1.256 

1.066 

VOLTAGE  (Ml 
-0.005 

A _ I 43 


i 

I 


t 

i 
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SHOT  77 


( 24  APRIL*  1976*  NC.  3 ) 


sand:  DRV*  OENSITy: IbJfe.  KG/M443;  APPKUACHING  VELOCITY:  242.  M/S 
pnojcCTIle:  flat  6-iNcn  cyl.mass :c . jsti?  k&»  0*0.02  m.  l«w.is2  m 


K-RAV  STATION  ••••••••.  NO.  I 

TIME  (SECOND)  

CENTER  OF  '.RAVITV  POSITION  (M) 
HCR120NTAL  ..........  ~0.0I2 

VEHTICAL  ............  C.12u 

INCLINATION  ANGLE(OEG).  't.i* 
SEPARATION  AUGlE ( UEOREL ) 

A()OVE  ««*« 

BElO*  ...............  044* 

NOSE  dlOTH  (M  ON  FlCM).  0.0260 
NCSE  POSITION  (M) 

HCRI20NTAL  ..........  0.064 

VEHTICAL  * C.liO 

iNPKJT  NOSE  POSITION  (M) 

HORIZONTAL  ..........  0.072 

VERTICAL  ............  •w.luo 


NO.  2 

NO.  3 

• 

o 

z 

NO. 5 

.0  OU  7BE 

.002323 

.004522 

.C08432 

0.091 

0.341 

0.882 

19.132 

V . 1 26 

0.129 

0.098 

lb. 196 

0.0 

-4.0 

— 8.0 

4444< 

• »4* 

*•*«> 

4444 

444* 

* • 4 4 

4444 

4 44 

0.C24U 

0.0235 

0.0250 

4444  ^.4 

0.157 

0.417 

0.957 

19.144 

w . 1 26 

0 . 123 

0.087 

18.121 

0.143 

0.397 

0.987 

444444 

-0 .092 

-0.095 

-0. 14U 

444444 

1 


192 


^Mt<T 


7b 


( kb  APKIL.  IV7o*  NO 


4 ) 


j-ANt:  uRVt  cfcNSiTy;  ibJ»« 

PKUJLC  T 1L.E.  : > LAI  O-INCH  CVL -MASS 


APPHOACHING  velocity;  242.  M/S 
•36b7  K6»  D*G»C2  M»  L«C*I52  M 


A'RAV  station  NO.l 

TIME  (SeCOND)  •••••••••  .W00137 

CLNTLl^  OF  GMAVMV  NOSlTIUN  4M* 

MCf^l2U^TAL  -O.OSV 

VtAXIC/.L  

INCLINATION  ANGcLiLLGl* 


SCPAhATICN  ANGLt  ( UC.  OHLL  I 


A BuV  h ♦ • 

bfcLOw  »««••»••••••€•• 

NUac  mUTh  <M  on  FlLMl.  O.02.6W 
NObt  position  (Ml 

HLK12UNTAL  0*Gt> 

VLFtTICAL  

input  nose  Pus  it  ion  imi 

HCPI20NTAL  ••••••••••  w*Oll 

VERTICAL  ”W*CGl 


NO,  2 

NO,  3 

NO, 4 

, 

O 

z 

u CC  «u4 

,002990 

.009832 

,010000 

C , 1 0 1 

0,4  04 

0,748 

1 ,C9C 

w • 1 jU 

>,129 

0.144 

0.179 

2,9 

6,0 

i 1 ,C 

1 6,  5 

;o,o 

4<*«« 

: i.c 

«**« 

2.0 

4««  M 

3,0 

,0230 

0,0230 

0,023 j 

0.C2I9 

U * 177 

0,4  8(f 

0.822 

1,169 

0, 1 34 

0.137 

0.190 

0.196 

0,199 

0,472 

0,820 

1.171 

0,0  03 

-W.U79 

-0,c99 

-0  , 1 9 

t.l4  74E  us  Ul  G,3u6ut  U3  U.lOOOt  05  / U.UU44 

Nn<;»  wAL.  x-CQMP*  4 M/S  I • IGS«  I77»  137«  Gfl* 

^EFFICIENTS  OF  LufalC  ‘ 06  * /^L 

-O»J5lOt-02  ciVCAL  GJ  -C*l^i7t  US  u*4047t  06  / U 


12* 

(Ml 

76, 


3140  (M> 


NOSE  VEL«  OlHcCT lONlOEGt 
SEPARATION  ANOLEiOfcGHEE I* 
ABOVE  ••••••••••*•••• 




u«4  1*2 

PELAVIVE  TU 

••••  •••• 

•••• 


2.1  4.4 
NOSE  velocity 

6.1  •••• 

5,9  •••• 


7,0 

3,9 

lU.S 


JStF'p!cilN?i‘orcuiK*ioArN3;i«./,T,;ND«0 

U*I239E  OC  U,27BVE  01  -©,ls90t  03  0,414IE  09  / 0,0094 


C«F%ICIE\Ti''2?^CuilC^pkY^*;iAL/STA;OAM0‘oE^ 

■“U,7V41E“0!  0,40**3t  03  ■“0,I209E  09  U'«4Vl7E  34  / 0,JI4C 


poncelet  drag  CUEFF,  ■ 
VO  » (37,  STANU,  UtViA 
C,G,  VEL,  A-COMP,  4M/SI 


1,31  1 

, ■ 0,0139  (Ml 

: 206,  lei* 


(37, 


103, 


12, 

1M| 

77, 

(Ml 


79, 


193 


khuT  7V 


t «<»  APt>  »L.  J W76.  NO.  » » 


SANO:  OftVt  OtN&lTV 
PNU JbCT ICfc : HObCOM 


»ltP« 


AHP^MlACHlNG 
TI£.NMA!»S4  W.AilO  A.<‘.  . D« 


Vat-OCITV:  234.  N/S 
0.02  Mt  LB9.23S  M 


X-19AV  station 

TlNt  < SECOND  I 

CaNTbh  OF  GRAvnv  posn 



VtATtCAi. 

•NCi-iNATlON  ANGCeibfcG). 
SEPARATION  ANGLtiOtORtt 

ABOVE 

ttCbOV  ••••••••••••.•• 

NOSE  width  (M  on  FICNt. 
NOSE  POSITION  <«» 

HCRWCiNTAC  ••••>>••«.• 

VERTICAL 

ir.P'jl  NOSE  POSITION  |P» 
HORIZONTAL  *».«•»•••• 

vertical  


NO.  1 

NC.2 

N0.4 

NO.  5 

•000124 

• 000876 

. >02882 

•305607 

• 0 10  325 

ION  (Ml 
-V .ObV 
w . 1 20 

w .0  73 

M.  126 

C.390 

0.129 

0.736 

0.136 

1.078 

0.132 

.5 

0.0 

^ I.S 

•S.O 

-5.5 

1 

WW4W 

WWW* 

C.02O0' 

B.  5 

8.0 

U .0240 

2.0 
6.5 
0 . c 2 30 

• w«« 
***• 

0.0235 

1 « S 
10.5 
0.C24C 

y «C  16 

O.  1 iV 

0.178 

C.I26 

0.503 
6. 126 

0.84  1 

0.127 

1.183 

C.12I 

0.0  lo 
“0. I oo 

0.1  68 
- 0.092 

0.498 
>0  .092 

0.84  1 
>G.09I 

1.191 

-0.097 

NbSE  VEL.  t-CONP. 
COEFFICIENTS 

o.iivae  00 


• < M/SI  i S • 3.  I • 

OF  cubic  POLYNUMI AL/STANOARD  OEVIAT 
0.««iSE  01  -O.bblOE  03  0.4I6SE  0« 


-1  • 

ION 

/ 0.0031 


COLFFIClENtr 

-O.764SC-02  w.EivAE  03  -u*i664h  05  0.636VE  OO 


93. 

ION 

/ C.0C69 


" 0 . 
4M1 

ei . 

(Ml 


NOSE  VEL.  OIRECTIONIOEO) 
SEPARATION  ANGLE  I UE OREL  I # 

ABOVE 

8ELUV  


1.2  1.0 

relative  TO 

«**«  9.3 

»•*«  7. V 


0.3  "*0. 7 

nose  velocity 
3.B 

♦,r  •••* 


"'0.2 

E.a 

S.2 


COEFriUeNTS^OF**CueiC*'pOEYNORlAL/STANOARD  DEVIATION 

0.1206E  00  0.3S9OE  Ol  -0.6300E  02  -O.lbSBE  OS  / C.0C26  <M| 


C0eFFIOENTs'‘0F*'c0blC*PClLV^MlAL/STANUAR0  DEVIATION  _ 
>0.1I2C'E  00  0.22vJc  WJ  -0.1OA8E  05  ^/.6333E  06  / 0« 


81 


aCi6T  CMi 


PUNCbLET  drag  CUEFF.  • 1.789 
VU  * lAI.  STANO.  DEVIA.  > O.GIlO 
C.G.  VEL.  X-COMP.  4M/S>:  235. 


(Ml 
199  . 


I 41  . 


99. 


69. 


RECCROEO 

MAX 

COMPUTED 

at  max 

AT  min 
RfcCUHUEU 


TIME  OF  MAXlRUM/MlNlMUM 


DIFFERENCE 

AT  MAX 
AT  NIN 


.300127 
. jOlO 47 
NOSE  POSITION 
0.0  2c 
0.2w6 

COIL  POSITION 
O.U 

BETWEEN  COIL 
0.0  2c 
0 . 2c  6 


•U030c9 
.004637 
AT  MAX/MIN 
C.S23 
0.7  22 
(Ml 

C.4d6 

and  nose 

0.037 
c . 23b 


COIL  voltage  (SI 
•O05359  .009217 

.00/624  .012025 

COIL  VOLTAGE  (Ml 
0.816  I.II7 

w.99^  1.358 


AT 


b.  81  C 
MAX/H  IN 
0.006 
c . 1 6 3 


1 .086 

VOLTAGE  (HI 
0.031 
0.272 


194 


i 


i>Ho1  6C  t ^4  AC'kIL*  l«7At  NU*  6 ) 


&ANU:  DAiVt  OtiNSJTVt  lb;»0.  APPROACHING  VF.LOCITy:  ZJ4,  M/S 

PRCJLCTIlC:  : HULLUh  S?bH>T  ItNMAS&SO.A/I  e KG*  0«0*02  M*  L«0*2^a  M 


X-RAY  station  ••*.••••• 

ND.l 

RU*2 

NO*  3 

N0*4 

NU*S 

time  ( second  1 

•wCU 140  • 

. dOu  9U/ 

•002926 

•00S845 

•C10U62 

CENTER  OF  GRAVITY  POSITION  1M> 

HCHUuNTAL  •*•*••**•* 

-u*U91 

w*073 

V • 4C3 

9*730 

1 *040 

VEHTICAL  •*•<>•*••**.<• 

0*  1 a4 

u*12V 

0*128 

0*118 

U *094 

INCLINATION  ANGLE(CEG)* 
SlPARATION  ANGLLI  OEGhEE  ) 

0 * «* 

0*0 

-6*5 

o 

* 

0 

1 

-1C*5 

AMOVE  •••••*•*•••*••• 

«•** 

6*  w 

1*5 

1*0 

444* 

S* 

9*0 

u*o 

4444 

NOSE  SIOTH  (M  ON  MLMl* 
NCSC  POSITION  <Ml 

U*026C  0 

• C23S 

0*u230 

0*0240 

0*C2S0 

HCHIZONTAL  

0*014 

u*ira 

0*507 

0*833 

1*181 

VERTICAL  

INPUT  NCSC  POSnioN  (Ml 

0*124 

0*129 

0*116 

0*100 

6*075 

HORIZONTAL  •••«%•**•• 

0 •'WC7 

0*169 

0*503 

0*832 

i *153 

VERTICAL  •••..••.*••• 

-»/*09a  - 

W..0M8 

-0*103 

-0*123 

-0  * ! 55 

NOSE  VEL*  Y-COMP.  <M/S>: 

1» 

-i  • 

-5. 

-7* 

-3. 

COEFFICIENTS  OF  COMIC  POLYNUMl At./>TANOARD  DEVIATION 

0.12SUE  00  0.12JUE  01 

-0*l491E 

04  0*86482  05 

/ 0*00*8  (MI 

NOSE  VEL*  X-COMP*  IM/Si: 

220* 

194* 

139* 

88* 

T5* 

COEFFICIENTS  OF  CoMtC  PULVNOMI AL/STANOARD  DEVIATION 

-U*13U3E-01  u*2246E  03 

-0* 1751E 

05  0* 

6666E  06 

/ U*0042  (Ml 

NOSE  VEL*  OIRECTIONIUEGI 

0*2 

-0*4 

-2*2 

-4*8 

-1*9 

SEPARATION  ANGLE!  DEGREE  1 

* RELATIVE  TO  ND3C  VELOCITY 

ABOVE  <*••••••*•••*.* 

**«« 

5*6 

5*8 

6*2 

4444 

below  ••<>•• 

«»w* 

5*4 

4*7 

5*8 

4444 

C«G*  VEL*  V-COMP*  !M/S>: 

3* 

•2* 

-5* 

-4* 

COEPFICIENTS  OF  COMIC  POtVNOMl AL/STANOARO  DEVIATION 

U«12JGE  OC  0.6WJME  01  >0*16J6E  OA  0.7A06E  05  / 0*0019  CM) 


C.Go  VEU*  X-COMP.  CM/SI : 220*  195*  1«0*  80*  7A. 

COEFFICIENTS  OF  COMIC  PULVNOMI AL/STANO ARO  DEVIATION 
-0*/t20IE  OC  v>*2246E  03  -0»17A3E  U5  U.M602E  06  / C«00A2  (M) 


PONCELET  DRAG  CClEFF.  « 1*772 
VO  s 220*  STANO*  OEVIA*  « 6*(«iAS  (M) 

C*G*  VEL*  X-COMP*  <M/Mi:  220*  186*  136*  97*  66* 


195 


aiHUT  ei 


( 2*»  APftlL.  1V76.  NO.  7 t 


Sand:  «£T.  OcNSiTvs^ubo.  k.c/m**3:  aphkuachinc  vtcoctTv:  33*.  m/s 
PAO^kiCTlLt;:  sacio  r-i.Al  NCSb  MASS:j.S«4a  KG*  0«0.02  M.  i.aO.225  M 


X-RAV  STATION  

NO.  1 

NO.  2 

NO.  3 

Z 

o 

. 

A 

N0.5 

TIME  (SECOND)  ......... 

• OC  w 1 

• 6 Ou 039 

.002174 

•003634 

•0CS46Q 

CENTtN  OF  GRAVITY  POSITION  ( M) 

HCRIZUNTAL  

-0.076 

3.126 

3.470 

3.766 

1.097 

vertical  

C . 1 26 

0 .13S 

9.134 

9.133 

0.136 

INCLINATION  ANGlE(OEG). 
SEPARATION  ANGLeIDEGKEE  ) 

1 .S 

1.0 

2.C 

5<  C 

8.0 

AbCVE  

• *** 

1C  oO 

9.0 

9.0 

10  .0 

BELOW  

***« 

6.0 

6.0 

3.5 

1.5 

NOSE  WIDTH  (M  ON  FILM). 
NOSE  POSITION  (M) 

O .9260 

0.9243 

0.0240 

0.0230 

0.0235 

HLP12UNTAL  . 

9 .036 

9.241 

0.663 

0rfe99 

1 .2<59 

VERTICAL  

INPUT  NOSE  POSITION  4M) 

C.l  31 

*.6  • 1 .>6 

9.136 

0.142 

0.101 

HCR120NTAL 

0.243 

0.593 

0.9C8 

1.221 

vertical  

-0.979 

-3.C77 

-0.C73 

—9  .062 

NCSE  VEL.  Y>COMP.  (M/S): 

a. 

5. 

2. 

9. 

COEFFICIENTS  OF  COblC  PoLYNOMl AL/STANOARO  DEVIATION 

0.1299E  00  0.6uS2E  Ul 

-9.2SS4E  04  9.31B7E  06 

/ 9.0913  (M) 

NOSE  VEL.  X'COMP.  (M/S): 

31U. 

263. 

236. 

193. 

151  . 

COtiFPlClENTS  OP  CUblC  PUI.VNUM1  Ab/STANUANO  DSVilATIUN 
-O.i2S9c>01  O.JlbiU  03  -0.2(.x»2E  OS  C.b«77E  C6  / 0.0033  (H> 


NCSE  VcL.  OlRECTluN(OEG) 

1.4 

1.0 

0.4 

0.7 

3.4 

SEPARATION  ANGLc ( DEGREE ) • 

RELATIVE  TO 

NOSE  VELOCITY 

ABOVE 

**** 

10.0 

7,4 

4.  7 

5.4 

BELnw  

««6* 

6.0 

7.6 

7.8 

6.  1 

C.G.  VEL.  Y-COMP.  (M/S): 

11. 

5. 

-1. 

«2. 

7. 

COEFFICIENTS  OF  COb  IC  FCCYNOMl AL/STaNO AND  DEVIATION 

0.I263E  00  ^.I/I4b  02  >U.4e«IE  OA  O.SASOE  06  / 0.0017  (M) 

C.G.  VEL.  X-COMP.  (M/S):  310.  .:63 . 237.  194.  102. 

coefficients  of  Cbblc  PUCVNOMl AL/STANOAHO  OEVIATIUN 
-0.I2SSE  Ow  C.3ISVE  03  -W.203..E  OS  U.6446E  06  / 0.0C33  (M) 

PCNCcLET  Of^AG  CUEFF.  * 0.964 
VO  > 237.  stand.  OEVIA.  - u.0107  (M> 

C.G.  VEL.  X>COMP.  (M/Sl;  320.  20».  237.  196.  164. 


t 

I HECONOEO  TIME  OF  MAX  I MUM/ Ml N IMUM  COIL  VOLTAGE  (S) 

' MAX  .00^137  .001603  .003199  .004900 

MiN  .00o7o6  .002671  .004193  .006103 

ccmpoteo  nose  Position  at  max/min  coil  voltage  (m) 

AT  MAX  3.03O  C.610  U.Sll  1.122 

AT  MIN  0.201  0.696  l.COI  1.303 

AEcOfioEO  COIL  Position  im) 

i 0.0  0.466  O.aio  1.066 

OIFFEKENCE  BETWEEN  COIL  AND  NUSE  AT  MAX/MIN  VOLTAGE  (M) 
at  max  vi«03v  0.O24  o.UOI  0.U36 

AT  MlN  0.2ol  0.212  0.191  0.217 


bHUT 


t £4  APRICt  19760  t40o  6 > 


6ANC:  li6T.  OeNSlTtlcCSOo  K6/M(43;  approaching  VELOCiTr:  409*  M/$ 
PROJCCTIL^:  30L10  FLAT  KOS£  MAS&:wo&447  F.Co  0*0  oO?.  Mo  L«0«2£5  M 


1 

A-RAV  STATION  oooooooo* 

NOol 

NO.  2 

N0.3 

NO*<t 

NO. 9 

1 

TIME  (SECOND)  oo.o«(oo* 

• UOO  N 30  • 

C00680 

.001724 

.002811  . 

004068 

CENTEN  OF  GRAVITY  POSITION  (Ml 

1 

HCRUONTAL  

“V  .072 

0.131 

0 .462 

0*766 

1.091 

VERTICAL  

Oolo:4 

C.I3I 

u.  1 32 

0.134 

0.138 

i 

INCLINATION  ANGLEICLGI* 

IcO 

1.0 

1.0 

1.0 

t.O 

SEPARATION  angle.  ( WE  GR&E  ) 

s 

ASOVE  00 •* ooo.ooooao* 

«>*•* 

16.0 

15.0 

19*0 

19*0 

c)C:LOvi 

»«*«• 

14.0 

11.6 

i 0«  w 

9.0 

1 

NOSE  MOTH  (M  ON  FILM). 

Co026b  0 

.0240 

0*0230 

0.0230  0 

1.0230 

! 

NOSE  POSITION  (Ml 

HCMIZUNTAL  •ooooo.oo* 

0.041 

0.244 

0.675 

0.88  1 

1.20-. 

i 

VERTICAL  •••oooooooo* 

Uol£6 

0.133 

C.134 

0**136 

C.140 

input  NOSE  PuSlTlUN  (Ml 

; 

MCRUONTAL  ••*•••*•00 

C.04E 

0 .247 

0.681 

0.886 

1.213 

? 

1 

VERTICAL 

-UoOVl  - 

'J  i>0  3 

>G*C83 

0.076 

1 

NOSE  VELo  V-COMPo  (M/Sl i 

l£o 

7* 

1* 

1* 

e. 

! 

COLFFICIENTS  of  CUOIC  POLYNOMI AL/STANOARO  DEVIATION 

i 

t 

0«l£49£  CC  Ooi^ASL  CH 

“0.57S7E 

04  0.82 7 •£  06 

/ 0*0023 

(Ml 

NOSE  VELo  X-COMPo  (M/Si: 

361. 

347. 

297. 

265. 

254. 

i 

COEFFICIENTS  OF  CUb iC  PCLYNUMl AL/STANOARO  DEVIATION 

< 

•Oo9l48E-02  OoSVGIE  UJ 

-0.34S0E 

06  O. 

2916E'  07 

/ 0*0031 

(Ml 

i 

NOSr  VELo  UlRECTlON(CeG) 

1 *8 

1.1 

0.2 

0.1 

1 .7 

SEPARATION  ANCLE  ( OEGRE^i;  I 

. relative  to  nose  velocity 

ABOVE  oooo ooooo«o#o*o 

**A« 

16.  1 

14.2 

14.  1 

1 5.  7 

1 

BELOn  

4*44 

13.9 

12*3 

10.9 

8.3 

! 

CoGo  VELo  Y-COMPo  (M/SI  1 

l£o 

7. 

1*  . 

1 . 

0 « 

i 

COEFFICIENTS  OF  CUBIC  POLYNOMi AL/STANOARO  DEVIATION 

! 

0«l£3(ie  00  uolU^SE  0£ 

•C.97S2C 

04  0. 

8264E  06 

/ C.C023 

(Ml 

1 

j 

CoGo  VELo  X-COMP.  ( M/SI  1 

381  0 

347. 

297. 

265. 

254. 

COEFFICIENTS  OF  CUBIC  POLVNOMI Al./STANOARD  DEVIATION 

• 

-bol£l£E  00  Coj9wEE  03 

-0.3494E 

05  0. 

2929E  07 

/ 0.0031 

(Ml 

i 

1 

PONCELET  drag  COEFFo  s 0 

.729 

1 

VO  » 381 0 STAND.  OEVIA. 

* 0.0061 

(Ml 

1 

CoGo  VELo  X-COMP.  ( R/SI S 

381. 

3SU. 

302. 

269. 

232* 

t 

i 197 


/ 


SHOT  «J 


( 26  APhU.*  1976,  KO.  1 1 


sand;  wer*  oensitv i266o • kg/m**3{  approaching  velocity:  ai9.  m/s 


projectile:  solid  flat 

NOSE  MASS :0 *5456 

KG*  0«0 

*02  M.  L 

|>C*225  M 

X~RAV  STATION  •****•*•* 

NO*  I 

NO*  2 

N0.3 

N0*4 

N0*S 

TIME  (SECONDl  060109 

CENTER  OF  GRAVITY  POSITION  (Ml 

• w 00c>»i2 

*061693 

.002655 

*003662 

HCR120NTAL  *«*••••*•• 

-0*072 

6*134 

0*461 

0*733 

1 *021 

VERTICAL  

0*1 13 

6*12S 

6*  130 

0*133 

0*131 

INCLINATION  ANGLEIOEGI* 

separation  angleioegree 

2*0 

1 

1*0 

1*5 

1*5 

C*5 

ABOVE  * 

«4«* 

12*0 

12*0 

12*  ‘ 

********** 

• 46* 

10*0 

10*C 

1C« 

NOSE  »10TH  (M  ON  FILMl* 
1 NOSE  POSITION  (Ml 

0 *6266 

U*024<< 

6 • 0236 

6*024c 

0*0232 

HCRI20NTAL  •*••.,*••** 

0*041 

6*246 

0*574 

0*645 

1*134 

VERTICAL  * 

INPOT  NOSE  POSITION  (Ml 

0*117 

6*126 

0*133 

0*136 

0*132 

HLRUONTAL  •**•.*•••* 

0*642 

0*250 

0*S60 

0*647 

1*132 

VERTICAL  •**..*»*••*• 

—6  * lw3 

-6*091 

-0*064 

-0*1  60 

-6*685 

NOSE  VEL*  V-CCMP*  (M/Sl 

: 19* 

13* 

4* 

-1  * 

-3. 

CUEFPICI&NTS  OP  CUBIC  PULYNGMl AL/STANOARO  DEVIATION 

UallboE  Ge  0«lVe7E  02  -G*6034E  0«  C.9268E  06  / 0.0016  (M) 

NOSE  VEL«  X-COMP.  IM/Si:  305.  351.  296.  256.  221. 

COEFFICIENTS  OF  CUBIC  PULVNOMt AC/STANDARD  DLVIATIUN 

0.S493E-03  G.3917E  03  -U.3406E  uS  C.1692E  07  / 0*0067  tMl 


NOSE  VEL*  DIRECT lONlOEGI 

2*6 

2*1 

0.6 

-0*2 

• 0 

SEPARATION  ANGLE! DEGREE ) 

• RELATIVE  TO 

NOSE  VELOCITY 

ABOVE  •*••• 

«*4« 

»••• 

11*3 

10*3 

1C*7 

BELUM  *••*• ••**• 

«•*« 

• ••• 

10*7 

11*7 

11*3 

C«G*  VEL*  V-COMP*  (M/Si: 

22* 

14* 

3* 

••  1 • 

1 • 

COEFFICIENTS  OF  CUBIC  PULVNOMl AL/STANOARO  OEVIAriON 

0.1106E  00  U*24l7b  02  >C*ae03E  n#  C.lOlOE  07  / C.C023  (M) 

C«G.  VEL*  X-COMP.  <M/Si:  364*  351*  296*  256*  220* 

COEFFICIENTS  OF  CUBIC  PULVNOMl AL/ ST AND AND  DEVIATION 
>0«II24E  00  0.3VISE  03  >0*32«9b  05  0* lOaoE  07  / 0*0067  (Ml 

PONCELET  DRAG  CUEFF * • 0*620 
VO  > 296*  STAND*  DLVlA*  « U<l«051  (Ml 
C.G*  VEL*  X-COMP*  (M/Si:  363*  346*  296*  260*  225* 


RECORDED  TIME  OF  MAXIMUM/MINIMUM  COIL  VOLTAGE  (SI 
MAX  *00w076  *001-4I3  *002509  *003756 

MIN  *00wS44  *002034  *003230  *004627 

COMPUTED  NOSE  PUSITICK  AT  MAX/MIN  COIL  VOLTAGE  (Ml 
AT  MAX  0*631  0*493  0*605  1*106 

at  MIN  U*2o6  0*676  0*965  1*293 

RECORDED  COIL  POSITION  (Ml 

0*0  0*466  0*610  1*086 

difference  BETmEbN  coil  and  nose  at  MAX/MIN  VOL i AGE  (Ml 
AT  MAX  0*031  0*607  >0*00S  0*026 

AT  MIN  0*2m#  6*190  0*175  0.207 


I 


198 


&HUT  t»4 


< 26  APftlC*  l«76*  NO*  X > 


!>ANC:  toET*  OENSlTv:kCbO.  K(>/M**3{  APPAUACHIN6  VELOCITY:  406*  M/S 

Projectile:  solio  elat  nose  mass;«4*S4Su  kg*  o«o*ox  m*  l«o*2XS  m 


X-RAY  station  .**•*••** 

NO*  1 

NC*2 

N0*3 

N0*4 

N0*5 

time  (SECONOl  

.0CU137 

*000699 

*001739 

• 002702 

*003929 

CENTER  OF  GRAVITY  POSITION  (Ml 

HLKl/ONTAL  *•*••*•••• 

* 4^  • 0 && 

u*  137 

0*457 

0*726 

1*004 

vertical  

0*115 

0*122 

0*127 

0*129 

0*125 

inclination  ANGLE(DEG1* 
SEP  AR  AT  1 ON  AN  GLE  ( UL  GHEE  1 

2*5 

«£  • 9 

2*0 

2*5 

3*6 

A60VE  

WWW* 

14*0 

17*0 

15*0 

12*0 

bCLUM  **•* •*••*• 

WWW* 

13*0 

9*0 

9*0 

4*0 

NOSE  WIDTH  (M  ON  FlLMl. 
.';OSE  POSITION  (Ml 

b *0255 

0*0235 

0*0230 

0*0230 

0*02  30 

HORIZONTAL  ***** 

0*046 

0*249 

0*570 

0*639 

1*117 

VERTICAL  ************ 

input  nose  POSITION  (Ml 

0*140 

0*127 

0*131 

0*134 

0*132 

HORIZONTAL  

0*051 

0*253 

0*676 

0*639 

1*113 

VERTICAL  ***** 

-0*099 

-0*091 

-0*066 

-0*063 

-0*065 

NOSE  VEL*  Y-COMP*  (M/Si: 

12* 

9* 

3* 

-C* 

COEFFICIENTS  OF  CUblC  POLYNOMt AL/STaNO ARD  DEVIATION 

0*llb3E  C.I337E  04 

-0*3727E  04  0.3067E  06 

/ 0*0012  (Ml 

NUSE  VEL*  X-COMP*  (M/Sl: 

362* 

337. 

293* 

253* 

2u4* 

COEFFICIENTS  OF  CUblC  POLYNUMI AL/STANOARO  DEVIATION 

-0.414UE-C3  0*306*:E  w3 

~0*4£lOE  05  0* 

2130E  06 

/ 0*0054  (Ml 

NOSE  VEL*  DIRECT lUNIOEG 1 

2*0 

1*5 

0*6 

-0*0 

-C*5 

SEPARATION  ANCLc.(UeGRE£  1 

* relative  TO  NUSE  VELOClTV 

ABOVE  

WWW* 

13*0 

15*6 

12*5 

7*7 

BELOW  •*** 

WWW* 

14*0 

10*4 

lUS 

5*3 

C*G*  VEL*  Y-COMP*  (M/Sll 

13* 

9* 

3* 

-1* 

-5* 

COEPP2C1ENTS  OP  COblC  POLVNOMl AL/ST ANDaMO  DEVIATION 

0*UJ2£  00  0*14wVL  04  -0*3e62E  C4  OcEObOE  06  / 0*0007  tM) 

C*G*  VCL*  A-COMP*  (M/SI:  J62*  337*  293*  2S3*  204* 

COEFFICIENTS  OF  CUd  1C  PULVNUMl AL/STANOARO  DEVIATION 
•0*I134E  00  0*46<5£E  03  •'0*24l«E  05  0*22I2E  06  / 0*0054  (M) 

PONCELET  DRAG  COEFF . s 0*777 
VO  * 493*  STAND*  DEVlA*  * 0*0106  (Ml 
C*G.  VEL*  X-COMP.  (M/Si:  374.  341.  293*  259*  226* 


RECORDED  TIME  OF  MA XI MUM/MINlMUM  COIL  VOLTAGE  (SI 
MAX  *000004  *Gol542  *002562  *003642 

MIN  *00o5o9  *003317  *004752 

COMPUTED  NOSE  PuSlTIOl.  AT  MAX/MIN  COIL  VOLTAGE  (Ml 
AT  MAX  0*024  0*6wW  0*801  1*099 

AT  MIN  0*161  **«*««**  0*965  1*271 

RECCROED  COIL  POSITION  (Ml 

0*0  0*466  0*610  1*066 

DIFFERENCE  eETttlEEN  CDlL  AND  NOSE  AT  MAX/MIN  VOLTAGE  (Ml 
AT  MAX  W.02*:  W.G23  -O.OOO  0*013 

AT  MIN  0*161  AAV4444*  0*175  0*165 
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;>HUT 


< 2b  APRIL.  1976.  NO.  3 ) 


SAND:N-0N.  OeNSlTVSlUOU.  KG/i4»*3{  approaching  VeLOClTV:  237,  M/s 
PRO JbCTlLL:  HOLLU«  STLP-Tl LRMaSS 1 J • A2Jw  KG.  0«O.U2  M.  L>C.2J8  M 


t RAY  STATION  •«•••••••  NO.l 

TIME  (SECONOl  

CENTER  OF  GRAVITY  POSITION  IM> 

HORIZONTAL  >b.U61 

VERT1C-.L  « » • , e.  • • • • ••  G,1U5 

inclination  ANGLEIUEG).  l.u 
SEPARATION  ANGLEI DEGREE  1 

ABOVE  «*** 

BELOW  6*66 

NOSE  WIDTH  (M  ON  FILM).  G.0262 
NOSE  POSITION  IM> 

HORIZONTAL  ••••••••••  0,024 

VERTICAL  0.107 

INPUT  NOSE  POSITION  <MI 

horizontal  •.•••,«,,,  0.02U 

VERTICAL  -0,116 


N0.2 

NO.  3 

4 

. 

o 

z 

NO. 5 

•VOOBBS 

.002294 

.004596 

.008612 

w ,090 
0,1  13 

0.393 

C.116 

0.862 

0.121 

19.127 

16.224 

u.o 

0 .0 

1.0 

0.0230 

*««« 

«*«• 

0.W231 

4**4 

4444 

0.0230 

***** 

44. 

0.195 

0.113 

0.49B 

0,116 

0.967 

0.122 

19.144 

16.121 

0.190 

-0.107 

0.493 

-0.104 

0.986 

-0.096 

444444 

444444 

SHOT  bo 


< APRIL*  t«76*  HO*  « > 


sano:h-oh*  otNSiTv: tubo • kc/mooj;  appmoachinc  velocity:  237*  m/s 
PkOJECTILE:  HOLLOV  STbP-TtE<*MASS:0*4230  AC*  0«0*02  M*  L»0»236  M 


X-RAY  station  ••••**••• 

NO*l 

NC*2 

NO*  3 

NO*  4 

NO*  5 

TIME  (SECOND!  *000171 

CENTER  OF  GRAVITY  POSITION  (Ml 

•00C976 

*002339 

*004  379 

*006444 

HCK120NTAL  •.**.*.•** 

-0*060 

0*106 

0.398 

0*764 

1*099 

vertical ••**• 

w*  lw4 

u.l  11 

0*114 

0*119 

0*129 

INCLINATION  ANGLEIUECI* 

1*0 

0*5 

0*5 

-3*0 

-6*0 

REPARATION  ANCLEiOECREE 1 

ABOVE  *••*••*•«*•••*• 

*0** 

0 00  0 

«*•« 

bELOH  

0000 

0000 

0000 

*««• 

NUSc  MlOTH  (M  ON  FILM)* 

U *026u 

w*  U24w 

0*0240 

0*0240 

0*0240 

NCSE  POSITION  (Ml 

HCRIZUNTAL  

0*025 

0*211 

0*503 

0*669 

1*203 

VERTICAL  

0*  106 

M * 1 12 

0*115 

0*113 

0*115 

INPLT  nose  POSITIuN  (Ml 

hcruontal  •.*••***** 

0*021 

0 *207 

0*497 

0*675 

1*215 

VERTICAL «*••* 

-0*117 

-0  *106 

-0*105 

-0*107 

-0*l')5 

NOSE  VEL*  ¥>CCMP*  (M/SI: 

9* 

5* 

0* 

-1* 

4* 

COEFFICIENTS  OF  Cub  IC  POLVNOMl AL/STANOARO  DEVIATION 

0*lw«*Ac.  Lw  0*lw4bE  02  •’C*3I4SE  C4  U*27S3£  06  / C*0006  (Ml 

NOSE  VEL.  X-COMPo  (M/SI:  246«  226*  197*  168*  157* 

CCEFFICIENTS  OF  CUb  IC  POLVNOMl AL/STANOARO  DEVIATION 
>a*ia97E-01  0,2Si:c.  U3  -U*14U2E  us  b*b066E  U6  / U*0U4S  (Ml 


NOSE  VEL*  OIRECTIUMOECI  ;:*2  1*3  0*1  -0*4  1*5 

SEPARATION  ANCLE ( DECREE  I * RELATIVE  TO  NOSE  VELOCITY 


ABOVE  ••••••••• 

BELOW  

«**« 
000  0 

0000 

***• 

• **« 
*«*4 

C*G*  VEL*  V-COMP* 

(M/Si:  9* 

5* 

2* 

1 

• 

10* 

COEFFICIENTS  OF  CUBIC  POLYNOMl AL/STANOARD  DEVIATION 

0*1U30E  00  0.96C2E  Cl  *0*2S61E  04  0.2650E  06  / 0*0017  (Ml 

C*C*  VEL*  X-COMP*  (M/Sl:  246*  226*  197*  166*  1S6* 

COEFFICIENTS  OF  CUBIC  POLYNOMl AL/STANUARO  DEVIATION 
•0.1239E  00  U.2S1IE  U3  >0*1408E  CS  W.7058E  06  / 0*0045  (Ml 

PCNCELET  ORAC  COEFF*  « 1.131 
VO  « 197*  STAND*  OtVlA*  « 0*0078  (Ml 
C*C*  VEL*  X-COMP*  (M/Si:  240*  222*  197*  166*  147* 


RECORDED  TIME  OF  MAXlMUM/MlNlMUM  COIL  VOLTAGE  (SI 
MAX  *0001&5  *002391  *003960  *005328 

MIN  *001009  *003354  *004965  *006564 

COMPUTED  HOSE  POSITION  AT  MAA/MlN  COIL  VOLTAGE  (Ml 
AT  MAX  0*02C  C*511  0*799  1*058 

AT  MIN  C*22l  C*692  0*971  I *225 

RECORDED  COIL  POSITION  (Ml 

0*0  0*466  0*8tC  1*066 

difference  6ETMEEN  COIL  AND  NOSE  AT  MAX/MIN  VOLTAGE  (Ml 
AT  MAX  C*C2w  0*025  -0*011  -0*020 

AT  MIN  0*221  0*2C6  0*161  0*139 


201 


bHuT  a7 


( ^5  APRIL.  i976.  NO.  S ) 


sano:h-om»  ocnsatv: tOLu.  approaching  velocity:  2ai.  m/& 


PR03ELTILE:  HQLlO«  STEP 

-TIERMASS 

:u .4227 

KG.  0x0. 

C2  M.  L 

■0.236  M 

X-RAY  STATION  w«. ...... 

NU.  1 

N0.2 

NO.  3 

N0.4 

NO. 5 

TIME  (SECONOI  ......... 

•uOU 174 

.O0G994 

.UU2391 

.004193 

.006361 

CENTER  OF  GRAVITY  PCSITION  (Ml 
HCKI/OnTaL  -0.076 

u . 1 12 

U .406 

0.775 

1.122 

VERTICAL  

w.  1 US 

w.  1 n 

0.114 

0.120 

C.  123 

inclination  ANGlE(UEGI. 

-l.S 

0 

• 

1 

" 0 • 

-1.7 

-2.0 

SEPARATION  ANGLE ( Lc <dHEE  1 

ABOVE  ....a..  «<>•» 

**•« 

*«*« 

17.0 

15.0 

BELOW 

«»4* 

4»»* 

*•4* 

20.0 

20.0 

NOSE  nIOTH  (M  on  F'lLMI. 

Vfrb260 

^ 

0. 024v 

0.02«S 

0.024S 

NCSE  POSITION  (Ml 
HCN120NTAL 

W.L2G 

0.217 

0.511 

i>  • 6 S C 

1.227 

VERTICAL 

ii*  i wisi 

w.  1 U9 

0 .1  12 

0.117 

0.119 

INPUT  NOSE  POSITION  (Ml 

horizontal 

6. 026 

w .2  15 

0.507 

0.669 

1.246 

VERTICAL 

— O . 1 x2 

-0.112 

-o.ica 

-0.103 

-0.100 

NOSE  VEL.  Y-COMP.  (M/SI 

a. 

5. 

3. 

1. 

2. 

COEFFICIENTS  OF  CUblC  ' 
O.lUllE  do  0.6326E  . 

JLYMIMl  AL/STanOaRO  DEVIAT 
*.  -0.167VE  04  0.  1306E  06 

ION 

/ O.C014  (Ml 

NOSE  VEL.  X-CCMP.  (M/S 

1 227. 

221  . 

21C. 

194. 

176. 

C0EFF1C1FNT&  05  CUb  1C  PULVNOMl AL/STANOARO  DEVIATION 
-Ua9J3«t&''02  :i«2..blE  ft  J -0»J6S^k  <A  -C»79Hit  09  / 0.0052  (M) 


NCSE  VEL.  OlRECTlUNlLEGI 
separation  ANGLLIDcGREE I 

2 a 0 1.4 

. relative  to 

O.T  0.3 

NOSE  velocity 

c.e 

ABOVE  ............... 

«4*4 

19.0 

17.8 

BELOW  

*•*0 

444X 

18.0 

17.2 

C.G.  VEL.  V-CCMP.  (M/Si: 

6. 

s • 

3. 

2. 

2. 

COEFFICIENTS  OF  CUb  IC  PULYNOMl AL/STaNUAKO  DEVIATION 

U.1U43E  00  0.6w3bfc  Ct  ‘C.ooaofc  u3  U.5I97E  OS  / C.00I6  (Ml 

C.G.  VEL.  X-CCMP.  (M/^i:  227.  221.  210.  194.  176. 

COEFFICIENTS  OF  COb  (C  POLYNUMI AL/STANDARD  DEVIATION 
-O.UAJE  OO  G.22eoE  03  -Oo3b2.>E  04  »0.b422E  05  / 0.0051  (Ml 

PONCELET  DRAG  COEFF . * 0.506 
VO  • 210.  stand.  ObVlA.  « 0 .0064  (Ml 
C.G.  VEL.  X-COMP.  (M/Si:  230.  222.  210.  196.  163. 


RECORDED 
MAX 
MIN 

COMPUTED 

AT  MAX 

RhCOROEU  COIL 


TIME  OF  maximum/ MINI MUM  COIL  VOLTAGE  (SI 

.OOulAV  .002376  .003929  .009419 

.OOlOuV  .0033J2  .0w4b91  .006503 

NOSE  PUSITION  AT  MAX/MIN  COIL  VOLTAGE  (Ml 


DIFFERENCE 

AT  MAX 
AT  MIN 


U.025  0.511 

0.217  0.706 

POSITION  (Ml 
0.0  0.466 

OETWEEN  COIL  AND  NOSE 
0.025  0.025 

0.217  0.222 


at 


0.627 

1.012 

0.610 

MAX/MlN 

0.017 

0.202 


.110 

>302 


1.066 

VOLTAGE  (Ml 
0.024 
0.216 


SHU  I aft 


< kA  MAY.  1976.  NO.  & I 


SANC*  ONVr  C£NS 1 TV S | • k6/M»»4 t APPnOACHlKS  VeLOClTYX  2J3.  M/S 
Pi90Jc.criLli:  HOLX.OM  STfe.P-Tlfc.NMASS:w  »A2i9  KG.  0*0.02  M.  L.*0.23e  M 


A'RAY  STA1  

NO.  1 

NO.  2 

NO.J 

NO.  4 

V) 

. 

o 

z 

r 

TIME  (SeCONO)  

•wOwlJA 

•wOUBVB 

.0C2919 

.905792 

.g  1C028 

V 

CENThN  OP  GRAVITY  PUStT lUK  1 Ml 

1 

HCHUONTAl  •••••••••• 

le.UEE 

0 *0  llCt 

g «40g> 

C.72J 

1 .051 

i 

VERTICAL  

IB. 2414 

w.l  17 

0.122 

U.I24 

u « 1 00 

L 

INCLINATIL.N  ANGLEtDEGI. 

*«44« 

O.G 

•2.« 

-7.3 

-7.9 

t 

SEP  AR at  1 UN  angle  t LIE  GKEE  1 

ABOVE 

««4* 

• ••• 

1.0 

2.5 

BELOA  

«4*« 

«*«« 

6.S 

9.0 

i 

NOSE  mIOTH  (M  on  PILMI. 
NOSE  POSITION  tMl 

U.  02.4u 

0*0230 

0.0230 

0.U23C 

HCH120NTAL  •••••••••• 

18.G4C 

o.ies 

0.8C5 

0.828 

1.159 

1 

< 

i 

VERTICAL 

INPUT  NOSE  PUSniUN  IMI 

te. 121 

L.l  17 

0.117 

0.1  to 

0.095 

MCHIaONTAL 

A 

0 .170 

0.901 

0.820 

1.197 

1 

VERTICAL 

>u.lU2 

•0.102 

•0.1  to 

-0  • ) 28 

! 


V 

\ 

t 

I 


i 

> 

1 


\ 


» 

} 

t 

i 

I 

I 

( 

1 

! 


’ \ 

\ 

\ 


203 


/ 


^UT  bi 


( 24  MA^^d  1476*  NO.  2 ) 


SANO:  014  Y.  OcNSiTV  : l!>Jb  • KG/M»43:  APPROACHING  veCUClTv:  227.  M/S 
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DERIVATION  OF  FORCES  AND  MOMENTS  ON  A 
RIGID  BODY  IN  A SOIL  MEDiv  1 

The  purpose  of  this  section  Is  to  develop  the  expressions  for  the 
forces  and  moments  applied  to  a projectile  In  a soli  sedlum.  The  forces 
are  represented  by  Fy  and  along  a body  fixed  r^et  of  axes  x.y.z  with 
the  origin  at  the  center  of  mass  of  the  vehicle.  The  moments  are  about 
Che  x,y  and  z axes  and  are  denoted  L.  M and  N respectively  and  Che  velocity 
components  are  designated  U,  V,  W re/pecClvely . It  Is  assumed  that  Che 
force  exerted  by  the  roll  on  a differential  surface  area  of  the  body  Is  of 
Che  form 

~ « (A  +B  lul+C  u2)n  1 

dA  x x'  ' x X 

+ (Ay+BylvI+CyV2)nyj‘ 

+ (A  +B  Jwl+cy)n,k  , (B-1) 

Z iC  z z 

where  n ,n  ,n  are  components  of  the  outward  unit  vector  n normal  to  the 
surface^'of^thl  body.  The  force  Is  assumed  to  exist  only  when  Che  velocity 
Is  dlrectea  coward  Che  elemental  area.  The  flow  Is  assumed  to  be  separated 
from  the  body  aft  of  the  nose. 

The  ncse  shape  Chat  Is  Created  is  conical,  with  nomenclature  as  shown 
In  Figure  B-1.  In  the  cylindrical  coordinate  system  the  equation  for  the 
surface  of  the  conical  nose  is  given  by 


p • 7~(x-x)  . 

The  unit  vector  normal  to  the  surface  of  the  nose  Is 

A • • 

n " Sin  Y 1 + Cos  y Cos  BJ  + Cos  y Sin  pR  . 

The  area  of  a differential  surface  element.  Is  given  by 

Cos  Y 


(B-.i) 


(B-3) 


(B-4) 


The  Inertial  reference  frame  x'y'z',  a rectangular  Cartesian  system. 
Is  choser  with  x'  perpendicular  to  the  sutface  of  the  target  and  pointing 
Invad'd  and  y*  and  z'  chosen  In  any  convenient  direction.  In  order  to  write 
Che  equation  of  Che  target  surface  prior  to  impact.  In  the  body  fixed  axis 
system,  a coordinate  system  x.,yj,Zj  Is  chosen  oriented  parallel  to  the  body 
axis  system  but  whose  origin  is  coincident  with  that  of  the  inertial  axis 
system.  The  equation  of  the  target  plane  in  the  Inertial  system  Is  x*  ••  0. 
Using  the  Euler  transformation  matrix  Introduced  In  Section  VI  the  relation 
between  Che  primed  and  sub-one  system  can  be  written  as 


I 

i 

i 

i 


i 


5 


I 
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(B-5) 


*1 

1 

y’l  - Tgj 

^1 

2’) 

*1 

This  yield  . 

*'  “ ^11*1  ^12^1  “*■  ^13^1  “ ° 

where 


^11 

“ Cos 

T 

Cos 

e 

^^12 

• Cos 

y 

Sin 

e 

Sin 

♦-Sin 

f 

Cos 

♦ 

■ Cos 

t 

Sin 

e 

Cos 

♦+Sln 

t 

Sin 

♦ • 

Equation  (B-6)  can  be  written  In  the  body  axis  system  by  a simple  translation 

X 

y ■ 

Z - 2, 


+ d 


(B-7) 


where  d Is  the  distance  from  the  body  axis  origin  to  the  inertial  axis  origin 
and  Is 


d -V(x’)^  (y*)^  + (2*)^  . 

Substituting  Equation  (B-7)  Into  Equation  (B-6)  results  In 


Til*  + ^13*  " ^11**  ' 


(B-8) 


the  equation  of  the  target  plane  In  the  body  axis  system.  It  Is  convenient 
to  write  this  equation  In  a cylindrical  body  axis  system  as  shown  In  Figure 
B-1. 


^11*  T^jPCosS  + Tj^.jPSlnS 


Tiid. 


(B-9) 


Consider  the  case  where  the  nose  has  Impacted  the  target  and  Is  partially 
Immereed  In  the  soil  as  shown  In  Figure  B-2.  The  locus  of  the  Intersection 
of  the  nose  and  the  target  plane  will  be  given  by  the  simultaneous  solution 
of  Equation  (B-9)  and  Equation  (B-2)  which  yields 

Ti^  -(r/L^);tT,-CosB  * T.,Sln  0) 

* " T^^  -(r/L^)(T^2^osB  + T^jSln  0]  " fi(*' ,y' ,0.^.B).  (B-10) 
Using  Equation  (B-1)  the  differential  force  in  the  x direction  becomes 
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»nd  realising  that  a positive  value  of  U will  produce  a negative  force 
on  the  projectile,  this  force  is  rewritten  as 


dF 


U 

TuT 


(A  +B^(U|+C  U^)n^  dA 

XX  X X 


By  using  Equations  (B-2),  (B-3)  and  (B-4)  and  7^"  tany  the  above  expres- 
sion  may  be  written  as  n 


dF 


and  upon  Integration,  yields 


^x-“ 


x)  dx  dB 


where  the  limits  for  the  integrals  are  chosen  so  that  the  integration  is 
over  the  portion  of  the  submerged  area  having  a velocity  conq>onent  toward 
that  surface.  The  Integration  with  respect  to  x tr  performed  first.  The 
upper  limit  for  the  x integral  Is  simply  x.  The  lower  limit  for  x is  a 
bit  more  complicated'  as  shown  by  Figure  B>3  which  shows  the  x-z  plane  'or 
a case  where  -0.  As  long  as  the  projectile  has  not  penetrated  very 

far  the  lower  limit  is  simply  given  by  the  equation  of  the  intersection  of 
the  cone  and  the  target  plane,  that  is  f^^  of  Equation  (B-10) . As  shown  in 
Figure  B-3  when  the  penetration  reaches  the  base  of  the  nose  this  limit  is 
no  longer  correct  since  integration  where  x < gives  a contribution  over 
the  dashed  part  of  the  cone  chat  does  not  exist.  For  this  reason  Che  lower 
limit  becomes  f, , unless  f , < L,  in  which  case  Che  lower  limit  becomes  L 


1’ 


I* 


The  limit  on  Che  B integral  will  depend  upon  the  magnitude  of  Che 
angle  of  attack,  a given  b^low,  as  compared  with  the  cone  half  angle  y.  If 
Che  angle  of  attack  is  less  Chan  y the  limit  will  be  from  0 to  2n.  This 
is  expressed  as 


Cos 


Fo  summarize 
U 


Itl  ^ V®x 


'T,  y 1 ‘ ''  ■ H 

[yu^+v^+ir  J 


:-x)  dx  dB 


(B-11) 


■or  o<y  and  for  x>i!,>L, . For  the  case  where  a>y  one  side  of  the  cone  will 
le  blanketed  and  the  B^lntegral  will  be  Integrated  only  over  180  degrees, 
n order  to  determine  the  proper  range  of  B consider  the  y-z  coordinates 
x into  the  plane  of  the  paper)  as  shown  in  Figure  B-4.  Tlie  V and  W 
omponenCs  determine  the  projected  or  wetted  area  in  contact  with  the  soil. 

!t  6 - tan“^  and  limits  on  6 will  be  ^ radians  from  the  angle  6^ 

IT  TT.  ^ _ 


r from  - ^'+•5^  to^+^t’  Collecting  this  we  write 


F - - 
x 


(x-x)  dx  dB 


(B-12) 


£,iLl 


2Q9 


for 


a>'-,  x>fj^>Lj^  and  V>0  . 

If  V<0  a different  set  of  limits  on  B are  applicable.  In  this  cacc 


(x-x)Jx  d6 


(B-13) 


for  o>Yi  x>fj^>Lj  and  V<0  . 

Once  the  nose  has  penetrated  so  that  It  is  totally  submerged  the  force 
becomes 


F - 


X 

where  n 


1 for  a<Y  and  n ■ 2 for  o>y  . 


(B-14) 


In  developing  expressions  for  Fy  and  F the  velocity  components  In  the 
y and  z directions  would  be  made  up  of  a velocity  term  due  to  translation 
plus  a term  due  to  rotation.  Specifically,  for  a point  on  the  axis  of 
syvrmetry  Che  velocity  component  in  the  y direction  is  V + Rx  and  the  velocity 
component  in  Che  z direction  is  W - Qx.  If  these  velocity  terms  are  used, 
the  angle  6^  becomes  a function  of  x,  namely  6^  “ tan“^[ (V+Rx)/ (W-Qx) ] . 

Since  5f,  appears  in  the  limits  of  integration  with  respect  to  B,  these 
limits  now  become  functions  of  x,  and  the  integration  is  extremely  cumber- 
some. 


One  approach  to  this  problem  is  to  treat  the  two  velocity  terms  separ- 
ately and  add  the  resulting  forces.  This  neglects  the  cross  product  terms 
2VRx  and  -2WQx  in  the  velocity  squared  terms  of  the  differential  force  in 
Equation  (B-1).  Another  approach  would  be  to  sum  the  two  velocity  terms 
first  and  replace  the  longitudinal  integration  with  respect  to  x by 
integrations  over  several  strips  of  finite  length  Ax.  Then  sum  these 
segmental  integrations  to  obtain  the  resultant  forces.  Only  the  first 
method  is  presented  here,  and  further  consideration  of  this  problem  is  left 
for  later  research  in  which  the  posslblity  of  modifying  the  assumed  force 
law  should  also  be  considered. 

The  expression  for  F Is  written  as  the  sum  of  two  parts.  The  first  is 
due  to  translation,  and  is  obtained  in  a manner  similar  to  the 

detailed  procedure  outllhed  above  for  and  the  other  is  a component  of 
force  due  to  a rotation  rate  R radians  per  second  about  the  z-cxis.  This 
component  Is  denoted  The  rotation  rate  will  give  the  differential 

surface  element  a velocity  component  in  the  y direction  equal  to  PJt.  This 
component  is  treated  in  the  same  manner  as  the  translational  velocity  V In 
order  to  determine  the  Fy  that  it  produces.  The  results  are  as  follows: 

Fy  - (Fy)^  + (Fy)^  (B-15) 
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(s-x)dx  CosS  <16  (B-16) 


(F  )_ 

V y/-J 


-[It 


for  V>0  and  x>f  . For  the  case  where  V<0  the  limits  on  the  3 Integral 
become  + 6^  to  + 6^. 


(F  ) 

' y'r 


R 

w 


y.  r -X 


.y+ByXlR|4CyxV)  (x-x)  dx  CoaB  dB  (B-17) 


2^ih^h 


for  R>0,  X «n<l  “ ” ^**'”^R  ’ limits  on  the  B Integral 

become  to  f^^r' 

Once  the  projectile  has  penetrated  so  that  the  nose  la  totally  submerged 
the  lower  limit  on  all  of  the  x integrals  becomes 


In  a similar  manner  F^  is  composed  of  ^^<1 


^ ■ <^>T  ♦ ".>r  ■ 


(B-X8) 


Where 


(f^)t 


w 

|wf| 


<V8zl«i 


- 

-^6 


(x-x)  dx  Sin  B dB  (B-19) 


r^*^^i--i 


for  V>0  and  x >f  . For  V<0  the  limits  on  the  B Integral  become 

f*«t  to^+  6,  . 

The  component  due  to  rotation  is 


<^>r  - I, 


h/I:£ 


(A +B  xIqI-K:  xV)(x-x)  dx  Sine  dB 

Z X X 


(B-20) 


for  R>0  and  x>fj^>Lj^.  For  R<0  the  limits  on  the  B Integral  become 

5+d 
2 r 


ff ■ , ^ Iff. , 

tW„.  to  2”*^r 


Once  the  projertlle  has  penetrated  so  that  the  nose  is  totally  submerged 
in  the  target  the  lover  limit  on  the  x integrals  becomes  L^. 


The  moments  follow  from  the  fact  that  there  is  a force  on  the 
differential  element  of  area  which  is  located  a distance  x from  the  center 
of  msse.  See  Figure  B-6.  The  force  dFy  applied  to  the  area  dA  will 
produce  a moment  about  the  z-axls,  denoted  N,  whose  magnitude  will  be  x dF  . 
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The  moment  N will  be  made  up  of  two  parte,  one  due  to  translation,  (N)^ 

and  one  due  to  rotation  rate  (N)  . ' 

r 

N - (N)^  (N)^  (B-21) 

The  results  for  (N)^  are  as  follows: 


<">t  ■ - , f ”< 

PUi  _J.h5  Jf  >T 


(x-x)  dx  CosB  dB  (B-22) 


2 “t  1-“1 


for  V>0  and  x>fj^>Lj^.  For  V<0  the  limits  on  the  g Integral  become 


T^r  . 

The  values  of  moment  due  to  rotation  rate  are 
r2  r xt 


<»>r  ■ - W (Ay+ByX|R|-K:yX^2jjj(j_j^j  jg  (B-23) 


for  R>0  and  . For  R<0  the  limits  on  the  B Integral  become 


f«r  tof4d^. 


W^len  the  complete  nose  Is  submerged  In  the  target  the  lower  Unit  on  the  x 
Integrals  becomes  L^. 


In  a similar  manner  the  moment  about  the  y-axls, 

M - 


(B-24) 


(K) 


w IrJ 


T ■ TuT  ‘ V“. 


x(x-x)  dx  SlnB  dB 


2 “t-'  *i-h 


when  V>0  , x>fj^>Lj^.  For  V<0  the  limits  on  the  B Integral  become 


f^t  ?"^t* 


,2  r X 


(M)  - 

r 


i 

- ^ •'f 


(A  +B  x|q|+C,xV)x(x-x)  dx  SlnB  dB  (B-26) 

z s z 


2''r  n-4 


(B-25) 
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For  R<0  th«  Halts  on  the  0 integral  bacons 


when  R>0  , x>f,>L^  . 


^ to-^.. 

2 r 2 r 


When  the  nose  is 
integrals  becomes 


completely  subnerged  the  lower  Unit  on  the  x 


Under  the  assumptions  of  this  force  nodel  the  noment  about  the  x- 
axlst  L|  will  be  equal  to  rero  for  reasonable  angles  of  attack  and 
obliquity. 
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Figure  6-3.  Schematic  Showing  Plane  of  Intersection  of  Target 
and  Projectile 


V 


APPENDIX  C 


f 


LIST  OF  COHFUIER  SYMBOLS 

AX 

Force  coefficient,  A^ 

AY 

Force  coefficient,  A 

AZ 

if 

Force  coefficient,  A^ 

BX 

Force  coefficient,  B 

X 

BY 

Force  coefficient,  B 

V 

BZ 

Force  coef flclent:, 

CD 

Dreg  coefficient, 

CMX 

X coor^lnete  center  of  aaes 

Off 

y coordinate  center  of  aees 

CMZ 

z coordinate  center  of  mass 

CX 

Force  coefficient, 

CY 

Force  coefficient,  C 

y 

CZ 

f 

Force  coefficient, 

DT 

Print  time  frequency 

DTMAX 

Maximum  integration  time 

DTMIM 

Minimum  integration  time 

FIN 

MIMIC  finish  statements 

FX 

Total  force  component  x direction,  F^ 

FY 

Tcfial  force  component  y direction,  F^ 

FYCO 

Force  component  y direction  for  cone  only 

PYCY 

Force  component  y direction  for  cylinder  only 

FYHE 

Force  component  y direction  for  hemisphere  only 

FZ 

Total  force  component  * direction,  Tg 

FZCO 

Force  component  z direction  for  cone  only 

FZCY 

Force  component  s direction  for  cylinder  only 

FZHE 

Force  component  s direction  for  hemisphere  only 

HOR 

Output  headinga 

INT 

MIMIC  integration  symibol 

XXX 

Moment  of  Inertia,  I^ 

lYY 

Moment  of  Inertia,  lyy 

R1,K2,X3 

Constai'.ts  used  to  select  proper  force  terms 

K4,K5.K6 

Constsnts  used  to  select  proper  moment  terms 

L 

Total  applied  moment  about  x axis 
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LCO 

LCX 

LCY 

LHE 

LNOf 

LNCO 

M 

MAS 

MCO 

MCY 

MHE 

N 

OUT 

NCO 

NCY 

P 

PD 

PI 

PHI 

PHtD 

PHIO 

PO 

PRESU 
PRESV 
FRESW 
PS  I 
PSID 
PS  10 

Q 

QD 

QO 

R 

RAD 

RD 

RO 

T 


Applied  moment  about  x axis  due  to  cone  only 
Natural  logarithm  of 

Applied  moment  about  x axis  due  to  cylinder  only 

Applied  moment  about  x axis  due  to  hemisphere  only 

Length  of  cylinder 

Length  of  nose  cone 

Total  applied  moment  about  y axis 

Maas  of  projectile 

Applied  moment  about  y axis  due  to  cone  only 

Applied  moment  about  y axis  due  to  cylinder  only 

Applied  moment  about  y axis  due  to  hemisphere  only 

Total  applied  moment  about  7 axis 
Output  to  be  listed 

Applied  moment  about  z axis  due  to  cone  only 

Applied  moment  about  z axis  due  to  cylinder  only 

Rotation  velocity  about  x axis 
Rotation  acceleration  about  x axis,  P 
Universal  constant  ir  3.1 4159 
Euler  angle  ^ 

Euler  angular  velocity,  ^ 

Initial  Euler  angle, 

Initail  rotational  velocity,  Pq 
Pressure  exerted  by  velocity  U 
Pressure  exerted  by  velocity  V 
Pressure  exerted  by  velocity  W 
Euler  angle,  <p 

s 

Euler  angular  velocity,  i|) 

Initial  Euler  angle, 

Rotational  velocity  about  y axis 
Rotational  acceleration  about  y axis,  Q 
Initial  angular  velocity  about  y axis, 

Rotational  velocity  about  z axis 
Radius  of  cylinder,  base  of  nose  cone,  hemisphere 
Rotational  acceleration  about  z axis,  R 
Initial  angular  velocity  about  z axis,  R^ 

Time 
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1 

1 

TERM 

1-U/U, 

1 

TH 

Euler  angle  6 

i 

THO 

Euler  angular  velocity,  0 

THO 

Initial  Euler  angle,  6^ 

U 

Velocity  relative  to  x axis 

i 

UD 

Acceleration  relative  to  x axis. 

uo 

V 

VD 

VO 

W 

WD 

WO 

XP 

XPD 

YP 

YPD 

ZP 

ZPD 


Initial  velocity  relative  to  x axis,  Uq 
Velocity  relative  to  y axis 
Acceleration  relative  to  y axis,  V 
Initial  velocity  relative  to  y axis,  V^ 
Velocity  relative  to  z axis 
Acceleration  relative  to  z axis,  U 
Initial  velocity  relative  to  z axis, 

X*  axis 

Velocity  relative  to  x*  axis 
y'  axis 

Velocity  relative  to  y*  axis 
z*  axis 

Velocity  relative  to  z*  axis 


2,  INTRODUCTION 

The  necessary  format  and  language  for  prograanlng  is  contained  In 
Control  Data  Corp.  reference  manual  entitled  Control  Data  MIMIC  and  only 
the  details  for  data  input  are  included  here.  All  input  data  either  con- 
stants (CON)  nr  parameters  (PAR)  are  placed  at  the  end  of  the  program  and 
correspond  exactly  to  the  manner  in  which  they  are  called  Cor  by  the  CON 
and  PAR  cardo  preceding  .the  program.  Details  of  input  data  are  sho%m  for 
Computer  Program  II. 

In  the  first  case  shown.  Computer  Program  I,  the  force  coefficients 
A^  through  are  assumed  to  be  independent  of  the  velocity  terms,  there- 
fore all  these  values  are  shown  as  parameters.  However,  in  the  second 
case.  Computer  Program  II,  the  value  of  is  then  given  a variable  status 
Included  in  the  body  of  the  program. 

I Parameters  K1  through  K6  are  used  to  select  forces  and  moments  depen- 

i ding  on  type  of  nose  cone  used  as  well  as  the  option  not  to  use  the  forces 

! and  moments  on  the  after  body.  These  parameters  take  on  values  of  zero  or 

^ unity  and  are  defined  as  follows: 

i 
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Configurationl 


Cylinder  plus  hemisphere,  all  moments j 
and  forces  ' ^ 


Cylinder  plus  hemisphere,  only  nose 
moment  and  forces 


3.  COMPUTER  PROGRAM  I 


CCN(C.,OTHIN,OTHAX> 

PAR{AX,dX,CXt AYtBYtCY) 

PAMHAlaixflYY.CrtX.CKY.C^^^ 

P A>'.{  w%CY,LNCO.RAO  ) 

Y.u,z(.o. 


Pa^CF:  lER 
^flso 

Of-  ES  4 
r'PtS'^ 

FX 

FYCY 

FZCY 

FYCO 

FZoQ 

FYmC 

FZHE 

FY 

FZ 

HOHE  <T  TE 
LCY 
lCO 
uHt 
iCY 
iCO 
•1HE 
SCY 
NCO 
NHE 
L 
i 
N 


n «• 

1 AY*orMil(Y>4CV*V*V)*^/Aa5(V) 
- (aZ*BZ*  13S(  H)  «-CZ*H*  K) 

F l*RAC*f’Aw»*r>REiU 

2 .♦RAG^L  <Q'*PRCiy 

2.•RAu♦l..lCY•PS^eSW 
KA0-*LNG  J^r'FESV 
R Aj*tNCO;»PH£SH 
P 1*RAC*kA0*PRESV/2. 

F I’l-.An^.'.AO’PRESM/Z. 

Kl*FYCrt<2*FY.CO»<3*FYP| 

KI*FZCY«-<2*FZC0*K3*FZ>-S 

‘^'’k‘i-(FZCY'»CMY-FYCY*C»^Z) 

K5* ( F ZCO*CHY -FY  GO* CM  Z ) 

Kb'  tFZrtE*CMY-FYHE*C5Z) 
-Ki«*FZCY*(C-1X-tNCV/2.) 
-KC*FZCn*(Cf1X-2.*tNC0/3. ) 
-X6*FZrtE*(CMX-5.*PAC/e.) 


KG^FtoV' (CMX-LNCY/2.)  ^ 
K5~F  YCO*  (CMX-2,  *LnC0/3.) 
kI^PYHE* (CMX-5, •RAO/6 .) 


LCY»LCO+GHE 

nCY*«cj+rtME-rx*i;HZ 

hCY^NCO*NHE-FX*CMY 


FO<%Ce  ECUATIU^S 

JO  f »/HAS-Q-*W*«*V 

J a»(TCUw«UO} 

i#0  FV/HAi-P'»U^f**N 

V Ir«TtVC»VO) 

MO  rZ/MftS-F*V*a*U 

M lNT(Mu*NO) 

moment  equation:) 

?0  C/iXX 

» iNfiPO.KO) 

QO  M/iYT-K*P*<IXX-lYt)/lYY 

g IN>  (QL.OO)  . 

4o  N/IYV>Q*P* CIXX-IYY)/IYY 

% IST(RO.PJ) 

eULL-<  AKGtE  EQUAilONS 


PMlOl 

fHlJ2 

►'MIO 

3hl 

TMJ 

I H 

PSIO 

Plil 


F*U*SlN(PHi)  *SIN(TM>  /COi»(TH) 

R'COS  TH)/C0S(TM) 

PH1014PHI02 
IN! (FhIO.PHIO» 

Q%QS(Prih-t*SlN(PHl> 

1NT<TH0,TH0> 

Q*SIN(PHl)/COS(TH) ♦ft»COS (PHI > /COS <TM) 
iNUPiUiPSIOJ 


r A i.  xui 

xNt«.UAt  FwAPL  EOUATiONS 


XF  ;i 
XP02 

xr  J3 

XPJ 

XF 

f FOl 

YPQ2 

YP  J3 

YPO 

YP 

ZFO 

ZP 


U*COS (PUI)*C0S(TH) 

V*(COS<PSI)‘'  SIN(TH»*SIN(PH|)-SIN(PS1>*C0S(PHI»  > 
M«(CLS(FSI)*siN<TH)*CtSCPHl)  YSINCFSb^SlN  (PhI)  } 

XrOl  XPOZYXPOO 
INT(XFO.XPO) 

U-<SI'4(PSI)*COS(TM)) 

V-tSli.if  SI) ♦SIN  (TM) •*!(<< PHI J ♦ COS  (FSn* COS  (PHI)  ) 

M*  (i,lN(PSI)-SlN(TH)  ♦CUS(PMI)-COS(PSI  )*SIN(PHI)  > 
YF014YP02YYP03 
INT ( YPU.VPO) 

-Ii*SIN(TH)4W*  (COi(Th)  •SiN(PHD)  ♦H»(C05  (TH)  *Ci>S  (PHI)  ) 
iNT(ZFOtZPO) 

HwK( J ,XPJ,XP) 

OUT(T.XFJ.XP) 

F1H(T».u3) 

ENO 


4.  COKPtrrCR  PROGRAM  IX 


;CN(CTjOTMIN,  OTMAX 


FORCE 

-fihr 

CX 


TERMS 


'3«iUi  Sg 

1.41-.1*U0G<U) 


EXP<LCX» 
•4  re«?*c-x- 


- (AX  + eX^AaSCUJ^CX^U^UiHI/ABSCU) 

- tAY4eY*ABS(vUCY*V*V)*V/ABS(V) 
TA;*BZ*A?yrYtr>c7*w*Tu*H/ABS  (wr 

FI*RAO»RAD*Pft€SU 
-9.^*RAC.»LNCY*.l>fiESM. 
in*LNC^ 


^RESU 
PRES  Y 
•PR'ESI 
FX 
S. 


rf?r 
fyco 

-FZOO- 

FYHE 

FZME 

T? 

F2 


2 ,*RAf.*LNCV*PREi 
F AO*lNCO*PftESV 

■FAO»lWO*PRCaw 

FI*RAO*RAO*PRESV/J 
M*RA0*RA0*PRESM/2 
“K  l*F^CT4K’2»FTCO*y3*FThE 
Kl*F2CY4K2*F2C04K3*FZhE 


-MOHEUT- 

LCO 

.TERFS 

Xi«*«FZGY*CMY-FYCT*CHZ) 

K5*<FZC0*CMY-FYC0*CMZ) 

• 

fICY 

ICO 

-K4*F2CV^{CMX-LMCY/2.) 

-X5*F2C0*<CMX-2.*LNC0/3.) 

'THT — 

HCV 

urn 

=T?&*  f ZHE* « CH  X . *R  Au7  eu 
X4*rYCY*(CMX-LNCT/2. ) 
K*i*FVf^»  rCK5r-?t  wrn/.-<^f 

NHE 

L 

K6*FYPE*(r.MX«*5>*RA0/«.) 

LCY4LC04LHE 

M 1 1 • *»  W • MMU.  ■ W 

N NCY4NC04NHE-FX*CMY 

FORCE  ECUA1ICNS 

U 

-YP 

F X/HA3-0*M4R*V 
JMTaOfUO) 

F . .. 

Vf.' 

HO 

IFT<VrtVO) 

FZ/MAS-P*V+0*U 

MOMENT  . 
PO 

EQUATIONS 

L/IXX 

_ p . 

00 

IVTrFCiPOl 

H/IYY-R*P*<IXX-IYV)/IYY 

. T^T<flr-rtnj 

RO 

R 

N/IYY+fi-P*  aXX-IYV)/IVY 
IFTERC.ROI 

1»U^  t ^ 

PHXUl 
PFI0  2 

P4Q*SIN<PHn*SlMCTH>/C0S(TH) 
S*CCS  <PHI)  *SIN<TH>/COS  (TH5 

PMTir^ 

PHI 

Ti4n 

PTID ITPHIOZ' 
INT<PHIDiPHIO) 

c«rn^fpwf 

TH 
PS  10 

P« 

IFT<TFO,THO) 

0*SIN  (PHI  WCOSfTH)  ♦R*COS  (PHI » /COS  (TH) 
tMTlfSlOi^IO) 
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5.  INWIT  DATA  FOR  COMPUTER  PROGRAM  II 


DT  - 5.0  » 10“* 

% 

4.06  a 10 

DTMIN  1.0  a 10“* 

Vo 

0.0 

DTMAX  1.0  a 10“^ 

Wo 

0.0 

AX  0.0 

Po 

0.0 

BX  0.0 

% 

0.0 

AY  0.0 

h 

0.0 

BY  0.0 

PH  10 

0.0 

CY  0.0 

THO 

0.0 

AZ  0.0 

PSIO 

0.0 

BZ  0.0 

XPO 

0.0 

CZ  0.0 

YPO 

0.0 

MAS  5.44  a 10* 

ZPO 

0.0 

IXX  2.687  a 10* 

K1 

1.0 

ITY  2.317  a 10^ 

K2 

0.0 

CMX  1.127  a 10^ 

K3 

0.0 

CMY  0.0 

K4 

1.0 

CMZ  0.0 

K5 

0.0 

LNCY  2.254  a 10^ 

K6 

0.0 

LNCO  0.0 
RAO  0.992 
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INITIAL  DISTOIBUTION 


Kq  USAF/ROQ  1 
Hq  USAF/SAMl  1 
DIA/D»-4C3  1 
AIjL  (AUL/LSE"70-23<))  1 
Hq  J5AC/NRI/STINFO  Llbr»r>'  1 
NWC/Cod«  5269  1 
NWC/Code  603  1 
NWC/Codo  S33/T«ch  Lib  1 
NWC/Code  407  1 
AFSC  Liaison  Office/Code  143  2 
Ogden  LAC/M4WM  2 
AFATL/DLODL  9 
AFATL/DL  1 
AFATL/OUK  1 
AFATl/DLJW  I 
AFATL/DLD  1 
AFATL/DLY  1 
AOTC/XR  1 
ADTC/SO  2 
SAC  Project  Office  I 
USAFTAWC/OA  1 
AFATL/DLYV  10 
AFATL/DLYW  1 
Southwest  Rsch  Inst  1 
Orlando  Tech  Inc  1 
Sundstrand  Data  Control,  Inc  I 
Texas  Tech  Univ  2 
Univ  of  Fla  Graduate  Ctr  3 
Univ  of  Florida  7 
W Amy  EnyineAr  i^aterw&ys  Exp  Stn  2 
Defense  Nuclear  Agcy  3 
Goodyear  Aerospace  Corp  1 
Sandla  Labs  2 
Lawrence  Livemore  Lab  1 
Martin  Marietta  Aerospace  1 
Georgia  Inst  of  Technology  1 
Univ  of  New  Mexico  2 
USAMSAA/DRXSY-S  1 
ODC  2 
Okalhona  State  Univ  1 
Lockheed  Missiles  I Space  Co  1 
ASD/NEFEA  1 
TAWC/TRADOCLO  1 
AFIS/INTA  1 
Terra  Tek  1 
Picatinny  Ars/SARP-AD-F-D  2 
US  Army  Ballistic  Rsch  Labs 

DRXBR-TE  1 


US  Army  Ballistic  Rsch  Labs 


DRXBR-TE  1 

US  Amy  Ballistic  Rsch  Labs 
AMXBR-VL  1 

US  Army  Ballistic  Rsch  Labs 
Technical  Library  1 

AVCO  Corp  2 

Univ  of  California  1 

Honeywell  Inc  1 

ARRAOCOM/DROAR-LCU-TM  1 

Hq  TAC/DRA  1 

Hq  USAFE/DOQ  1 

Hq  PACAF/DOO  1 

TAC/INA  . 1 

ASD/XRP  1 
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